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TELECOMMUNICATIONS AND THE WORLD WEATHER WATCH 


HE weather has a profound influence on 

man and affects many of his activities, 
his safety and, often, his survival. Each na- 
tion of the world, therefore, shares a com- 
mon interest in monitoring weather phenom- 
ena and, moreover, in forecasting weather 
conditions, The state of the entire atmo- 
sphere and its evolution determine weather 
conditions in any one country, and, as a con- 
sequence, meteorological activities rely 
upon an efficient and timely exchange of ne- 
teorological data collected al many observa- 
tion points throughout the world. Itis, there- 
fore, not surprising that the development of 
operational meteorology has gone hand in 
hand with the dramatic advances that have 
taken place in telecommunications over the 
years. The most significant milestone in its 
development was the establishment of the 
World Weather Watch programme, adaopted 
by the Fourth Congress of the World Mcte- 
orological Organization (WMO) in 1963, 


The World Weather Watch 

The World Weather Watch (WWW) is a 
global system for the collection, analysis and 
distribution of weather and other environ- 
mental information. It is an integrated sys- 
tem composed of national facilities and ser- 
vices owned and operated by individual 
countries which are members of WMO, The 
operation of the WWW is based on the 
fundamental concept that each of the 160 
member countries undertakes, according to 
its means, to meet certain responsibilities in 
the agreed global scheme so that all coun- 
tries may benefit from the consoloidated ef- 
forts. It is a unique achievement in 
international co-operation: in few other 
fields of human endeavour, and particularly 
in science and technology, is there — or has 
there ever been — such a truly world-wide 
operational system to which virtually every 
country in the world contributes, every day 
of every year, for the common good. 
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The WWW has three basic components: 

* the Global Observing System, compris- 
ing facilities on land, at sea, in the air and 
in outer space, for the observation and 
measurement of meteorological ele- 
ments: 

* the Global Telecommunication System, a 
world-wide telecommunications system 
for the rapid exchange of the observa- 
tional information as well as of analysed 
and processed information, including 
forecasts, which are produced by the third 
main component; 

+ the Global Data-processing System, a 
network of world and regional comput- 
erized data-processing centres. 


The Global Telecommunication System 
The Global Telecommunication System 
(GTS) comprises the arteries, heart and 
veins of the WWW. The life blood of the me- 
teorological observations and processed in- 
formation has to be collected, processed and 
disseminated to national meteorological ser- 
vices. and the operation of the WW W system 
relies entirely on efficient and reliable 
telecommunications. At present, the GTS 
conveys several tens of millions of octets of 
alphanumeric and binary data and thousands 
of weather charts daily, and is operating with 
adegree of speed, automation and efficiency 
not thought possible in the early 1960s. 


Structure of the GTS 

The GTS is an integrated system of point- 

to-point circuils, meteorological communi- 

cation centres, radio broadcast and satellite- 
based communication systems, organized in 
three levels: 

* the Main Telecommunication Network 
linking the World Meteorological Cen- 
tres (WMCs) and certain Regional 
Telecommunication Hubs (RTHs), re- 
sponsible for selecting and relaying 
global traffic; 


* the Regional Meteorological Telecom- 
munication Networks linking Regional 
Telecommunication Hubs and National 
Meteorological Centres (NMCs) that 
carry observational data and processed 
information in order to meet WMO mem- 
bers' needs to the degree possible; 

¢ the National Meteorological Telecom- 
munication Networks implemented in 
each country for the collection of obser- 
vational data and distribution of meteo- 
rological information to meet national re- 
quirements. 

Plans for the point-to-point network of 
the GTS provide for 281 circuits that should 
link three WEMCs, 30 RTHs and [50 
NMCs; 244 of these circuits have been im- 
plemented and an increasing number of cit- 
cuits are operating at medium/high speed 
using advanced communication techniques. 
The GTS also includes radio teleprinter and 
facsimile broadcasts to disseminate meteo- 
rological information. 

Satellite-based communication systems 
are also increasingly being used within the 
GTS, in particular tor data collection and 
distribution functions at the global, regional 
and national levels. The fundamental mis- 
sion of polar-orbiting and geostationary me- 
teorological satellites is lo measure observa- 
tional data in the atmosphere and at sea and 
land surface, and to provide for the distribu- 
tion of these digital and pictorial data to me- 
teorological user stations through appropri- 
ate telecommunication means. 

Furthermore, meteorological satellites 
have the capability of collecting messages 
from data collection platforms (DCPs). 
which may be installed on ships, buoys, atr- 
craft, balloons as well as on land in remote 
locations. Some meteorological satellites 
also include a service for distribution of me- 
tcorological data to overcome the existing 
deficiencies as regards the availability of 
meteorological data and products in some 


areas of the world. Satellite-based commu- 
nication services, provided through the spe- 
cialized telecommunication satellites, are also 
contributing extensively to the GTS opera- 
tion and will play an increasing role in its 
implementation. In particular, INMARSAT 
services, by providing a full coverage of 
oceans for collecting weather reports from 
voluntary observing ships to meteorologi- 
cal services, and for the distribution of fore- 
casts and warnings to ships, are an essential 
element for the provision of maritime mete- 
orological services, 

The surge of new telecommunication and 
processing techniques now makes it possi- 
ble to use internationally standardized pro- 
cedures and standardized (and thus less ex- 
pensive) hardware and software. These meth- 
ods and techniques used on the GTS and 
WWW will make it possible to handle an 
increased volume and diversity of observa- 
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tional data and products, whilst guarantee- 
ing members access to information accord- 
ing to their needs and possibilities. 

The WWW programme is the basic pro- 
gramme of WMO and through its real-time 
provision of data and products to WMO 
members where telecommunications play a 
vital role, provides an essential support to 
other WMO and international programmes. 


Security and safety of life 

The most important requirement of the WWW, 
and the one from which the greatest bene- 
fits are obtained, is contribution to security 
and safety of life. Such benefits derive in 
particular from severe-weather warnings is- 
sued for the general public and from spe- 
cialized meteorological services to aviation, 
marine activities and transport on land and 
inland waters based on metcorological data 
and products distributed over the GTS. 
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ENHANCED 8032 TRAINING 
SYSTEM FROM FLIGHT 

LIGHt Electronics has introduced an en- 

hanced version of its Flight-32 micro- 
controller training system. The price of the 
new system is exactly the same as that of 
the original model. 

The enhanced version, supplied as stan- 
dard with the 8032 chip running at 11 MHz, 
can accommodate the 8031, 8051 and 8052 
chips as well as the 8052 BASIC version. This 


Probably the most significant impact on 
safety of life is in the area of tropical cy- 
clone warning. In an average year, about 80 
tropical cyclones form over the warm occan 
water in certain parts of the tropics, affect- 
ing some 50 countries. About 20,000 peo- 
ple lose their lives each year and the dam- 
age caused may reach £4,000 million ($7,000 
million). A significant amount of this dam- 
age and loss of life is avoidable, given ade- 
quate forewarning of the characteristics and 
path of each cyclone. The national meteoro- 
logical services in all cyclone-prone areas 
of the world provide such warning services 
for their respective areas of responsibility, co- 
ordinated under the WMO Tropical Cyclone 
Programme and relying upon efficient and 
releiable telecommunication services pro- 
vided by the GTS. (915059) 
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World Weather Watch components 
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additional facility gives the system extra op- 
erational and teaching flexibility. 

For further information, contact Suzanne 
Kittow, Flight Electronics Ltd, Flight House, 
Ascupart St. Southampton SO! 1 LU: Telephone 
(0703) 227721; Fax (0703) 330039, 


SPEEDMASTER 1000 
| his Technology's Speedmaster 1000 pro- 
grammer, launched carlier this year, is 
aimed primarily at the development engi- 
neer and the amateur designer. 

Connected straight to the parallel port 
with no internal card needed, and program- 
ming devices in record time, the Speedmaster 
/000 is one of the most usefool tools around. 
The device list included EPROMs, EEPROMs, 
Flash EPROMs, Microcontrollers (including 
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87C751, 77C82, 68HC11D3), CMOS PALs 
and GALs TTL PALs, EPLDs and PEELs. 

The programmer, including free devel- 
opment software, is priced at £395 plus VAT. 

Further information from Sheila Boakes, 
ICE Technology Ltd, Unit 4, Penistone Court, 
Station Buildings, Penistone, South Yorks 
$30 6HG; Telephone (0226) 767404, 


SURVEY REVEALS INCREASING 
PROSPERITY AMONG 
TEEIE MEMBERS 

ESULTs of the survey conducted in January 

this year on behalf of the IEETE have 
recently become available. It is a unique and 
valuable guide to salaries, benefits, aca- 
demic qualifications and general working pat- 
terns of those engaged in electronic and 
electrical engineering, With 28,000 members, 
IEEIE is by far the largest professional body 
of its kind in Europe and the only one ded- 
icated to serving the professional interests 
of Incorporated Engineers and Engineering 
Technicians in electronic and electrical en- 
gineering. 

Among other significant facts, the sur- 
vey reveals that the highest ten per cent of 
those in the IEEIE senior grades of mem- 
bership earn almost £34,000, with the high- 
est paid employees in nationalized industries 
or public corporations. Their average earn- 
ings are about £22,000. 

Members' fringe benefits include car and 
pension provisions, free health insurance, 
share options, flexible working hours, staff 
discounts, and others. 

Copies of the IEELE Survey of Members, 
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TEE AND IEEIE PROGRAMME 
1-3 July—Computing (Bicentennial con- 
ference at Imperial College, London). 
3 July—Electricity at work regulations 1989. 
5—7 July—History of electrical engin eering. 
9 July-—Electromagnetic compatibility for 
project managers. 

10 July—EMC-—1992-UK implementation. 

15 July—Inspection and testing of electri- 
cal installations (professional development 
seminar). 

15-17 July—Computer aided design in con- 
trol and engineering systems. 

21-26 July—Satellite communication sys- 
tems. 

22-24 July—HF radio systems and techniques. 

22-26 July—New broadcast standards and 
systems. 

28~30 August—Transputer applications ‘91. 


Information on these, and many other, events 
may be obtained from the IEE, Savoy Place, 
London WC2R OBL, Telephone 071 240 
1871 or from the [EEIE, Savoy Hill House, 
Savoy Hill, London WC2R OBS, Telephone 
O71 836 3357. 
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price £25 and membership details, may be 
obtained from the Secretary, IEEIE, Savoy 
Hill House, Savoy Hill, London WC2R OBS. 


UNIVERSITY HONOURS ERA 
TECHNOLOGY DIRECTOR 

RA technology director Richard Stokes, 

a specialist in many aspects of electrical 
and electronic engineering, and author of more 
than 30 papers, has been appointed a Special 
Professor in the Department of Electrical 
and Electronic Engineering, University of 
Nottingham. 

Richard Stokes, BSc, MSc, CEng, FIEE, 
heads the Electrical Engineering Centre at 
ERA Technology Ltd. The centre provides 
research, development, testing and assess- 
ment services for industry and government 
organizations in the UK and overseas. 

ERA Technology Ltd, Cleeve Road, 
Leatherhead KT22 7SA. 


NEW CAD PRODUCTS FROM 
LABCENTER 

| Beart ARES (Advanced Routeing 

and Editing Software) completes their 
range of 3rd generation software, which now 
covers everything from budget level sche- 
matic drawing and PCB drafting to high-power 
schematic capture, auto-routeing and back- 
annotation. The aim is to allow users to start 
with a basic system and then upgrade as 
their requirements increase, but without the 
usual problems of porting designs from one 
system to another 

Full information on their range of prod- 
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TELECOMMUNICATIONS AND THE 
EUROPEAN BUSINESS MARKET 
The seventh Financial Times annual confer- 
ence on Telecommunications and the European 
Business Market will be held in London on 

9 and 10 July. 

The conference will provide an opportu- 
nity for manufacturers, network operators, 
service suppliers and users to come together 
to debate current and future issues within 
the industry. 


For further details, contact: Financial Times 
Conference Organization, 126 Jermyn St.. 
London SWLY 4UJ; Telephone 071 925 
2323; Fax 071 925 2125. 


EXHIBITION OF CAREERS IN 
SCIENCE AND ENGINEERING 
FOR WOMEN 
ICWES9 will hold their first international ex- 
hibtion of careers in science and engineer- 
ing for women at the University of Warwick 

from 16 to 18 July. 


ucts may be obtained from Labcenter Electronics, 
14 Marriners Drive, Bradford BD9 4JT, 
Telephone (0274) 542868; Fax (0274) 48 1078. 


PORTABLE MOTORIZED MASTS 
t Dpeae can now supply the latest portable 

motorized masts manufactured by 
Compliance Design. 

There are two masts in the latest series, 
designated the M100 and M200. Both are 
designed to allow remote motorized height 
adjustment for EMI antennas over a |-4 m 
and I—6 m range respectively. Both masts 
have been verified as not interfering with EMI 
data, and provide the most exacting engi- 
neer with the kind of simplicity and tough- 
ness he demands. 

Details from Mr Mike Dawson, Fieldtech 
Heathrow Ltd, Huntavia House, 420 Bath 
Road, Longford. West Drayton UB7 OLL, 
Telephone 08 | 897 6446; Fax 081 759 3740. 


INEXPENSIVE INTEGRATED LASER 
new solid-state laser diode unit from 
Spindler & Hoyer, designed as an inex- 

pensive and convenient laser light source 

for electronics and telecomms work, provides 
an output of 1 mW at 670 nm (multi-mode) 
with an amplitude stability of +3%. 

Beam divergence is typically 0.5 mrad. 
The beam profile, at exit. has a diameter of 
3mm (circular), while polarization is linear 
at 1:60. 

For details, contact Spindler & Hoyer 
(UK) Ltd, 2 Drakes Mews, Crownhill, Milton 
Keynes MK8 OER: Phone (0908) 262525, 
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ICWES9 is the ninth in the series of in- 
ternational conferences for women engi- 
neers and scientists held every three years. 
The UK last hosted the conference in 1967. 
The conference will be held at the University 
of Warwick from 14 to 20 July. 


For further information, contact: Sherrie 
Simpson, Conference Services ICWES9, 
55 New Cavendish St., London WIM 7RE, 
Telephone 07 | 486 0531; Fax 071 935 7559, 


During July and August, Frost & Sullivan 
will conduct seminars on, among others, 
The OSI management model, Communications 
project management, Integrating local area 
networks into the corporate network, and Fast 
packet switching. 


Details from Frost & Sullivan, Sullivan House, 
4 Grosvenor Gardens, London SW1W ODH, 
Telephone 071 730 3438. 


TIMECODE 
INTERFACE 
FOR SLIDE 
CONTROL 


Noticing that the projector 
is running out of step with 
the audio programme is 
pretty embarrassing when 
your friends and relatives 
have gathered to watch 
your carefully prepared 
slide presentation. The 
circuit described here 


ensures perfect synchronization between the slide controller and a music or voice 
programme recorded on tape. This is achieved by recording an accurate time code ona 
tape track and playing it back later, sending commands to a slide projector control. 


A. Rigby 


VER the past few years we have pub- 

lished a number of circuits related to 
electronic slide control systems. Many 
photography enthusiasts and — photo- 
graphers’ clubs are now using two or more 
projectors to bring life to otherwise rather 
dull slide presentations, At some stage, it 
will be required to add sound to the presen- 
tation, and be able to have some special ef- 
fects such as fading one slide into another. 
These functions invariably require an elec- 
tronic slide projector control, a lamp dim- 
mer, and a system to synchronize the audio 
track ona tape recorder to the projector con- 
trol. 

The circuit described here records time 
signals on a tape track. This is done at fixed 
intervals, allowing projector control com- 
mands to be accurately timed and processed 
by, for instance, a computer. Similar systems 
are also available commercially (at a much 
higher cost than the circuit described here), 
and are generally identified as being based 
on timecode synchronization. 

To be able to make optimum use of the 
circuit, you will need the following equip- 
ment: a slide projector control (Ref. 1), a 
multitrack recorder, slide projectors and a 
computer. The computer can be a PC or a 
microprocessor-controlled stand-alone sys- 


tem. Such a system, based on a Z80 micro- 
processor, is currently being developed and 
will be published in a future article. 

The complete system is capable of con- 
trolling the slide projector and the timecode 
interface. The practical use is basically as fol- 
lows. The computer is used to program a 
slide presentation with all the possible ef- 
fects such as ‘fades’, ‘twinkles’ and lamp in- 
tensity changes. Next, the presentation is 
coupled to a music/voice programme on 
tape via the timecode interface. The time in- 
formation used to control the slide projector 
is recorded on track 3 or 4 of the tape, and 
allows the user to define the exact instants 
when a slide control command occurs. This 
provides perfect synchronization between 
the tape and the slide projector. A change in 
the timing in the series only requires a differ- 
ent timing code to be recorded. This can be 
done at an accuracy of 10 ms, which is quite 
a luxury compared to hand-timing the 
pulses, which hardly allows control signals 
to be moved back and forth if a correction is 
required. 

As already mentioned, timecode systems 
are available commercially. These systems 
are pretty expensive, though, and often do 
not include the necessary lamp control cir- 
cuits, or ‘faders’. The system proposed here 
is much cheaper, has a performance which is 
at least equal to commercial systems, and is 
suitable for 4 to 16 projectors. 


The principle 


The time code is recorded on tape as a serial 
signal with a bit rate of about 1,000 per sec- 
ond, The system is suitable for reel and cas- 
sette tape recorders. The logic ones and 
zeroes that form the digital control signal are 
converted into bursts of 5,000 Hz and 
2,500 Hz respectively. Each byte (8 bits) re- 
quires about 10 ms. A complete digital word 
consists of one startbit, eight databits, one 
parity bit and two stop bits. 

One nibble (4 bits) allows a decimal num- 
ber to be stored. When 5 nibbles are used, we 
can puta time code on tape that sets a control 
action which is to occur 99 minutes and 59.9 
seconds later (or, slightly unusually, 
9999,9 seconds), This means that the ti- 
mecode has sufficient capacity for use with 
long-play reel recorder tapes. 

Since 5 nibbles correspond to 2'4 bytes, 
one nibble remains for a an integrity check 
on the data recorded on tape. One complete 
timecode, including the checksum, takes 
about 30 ms. 

Since the timecode and the music pro- 
gramme are recorded on the same tape, the 
two are inseparable. This means that the syn- 
chronization is not upset by tape stretch and 
other irregularities during recording or play- 
back. 

When the timecode is read back from the 
tape, the resolution can be increased by hav- 
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Fig. 1. 


ing the computer calculate times in between 
recorded time codes. Note, however, that 
this implies that the computer clock must be 
capable of working on its own, without co- 
pying any incorrectly decoded time informa- 
tion. When the timer is used in manual 
mode, the higher resolution intervals are not 
applicable, since we have enough trouble as 
it is detecting codes in 0.1-s steps and re- 
sponding to them with the appropriate ac- 
tion. For manual use, the timecode interface 
can be equipped with a LED read-out that 
shows the current time. This read-out is 
modular and based on LED units used in the 
Elektor Electronics Digital Train System 
(EEDTS, see Ref. 2). When the tape is played 
back, the interface can be disconnected from 
the computer and used as a digital tape 
counter. 

The timecode interface is perfect for use 
with the projector control system described 
in Ref. 1. We have no reservations about call- 
ing the resulting slide presentations profes- 
sional and timed to perfection. 

Those of you who have already looked at 
the photograph of the prototype may won- 
der why it has four line signal sockets, where 
only two are expected for a two-way re- 
corder connection (one inpul and one out- 
put). The two extra sockets allow a new data 
format to be generated that contains all the 
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Block diagram of the timecode interface. 


information about a certain slide presenta- 
tion. This enables a presentation with a 
sound programme to be started at any point 
in the slide sequence. More importantly, 
however, the extra format makes the use of 
floppy discs optional while still ensuring 
that the information about the sequence re- 
mains coupled to the sound programme. 
During the development of the slide presen- 
tation, time codes are generated ona PC and 
sent to a stand-alone controller. Next, the 
new data format is recorded on another tape 
track. By virtue of the information on this 
track, the actual presentation can then be run 
without a PC. 


A look at the hardware 


The hardware for the timecode interface is 
designed to allow a minimum amount of 
software to control both the timecode system 
and the (optional) read-out. In principle, it is 
possible to record and retrieve the serial code 
direct to and from the magnetic medium. 
This is usually done with the aid of a serial- 
to-parallel converter. Such a system, how- 
ever, requires continuous read and write 
operations on the tape, which can be proble- 
matic if a reliable RS232 connection is not 
available on the computer. 

Here, the hardware is capable of gather- 
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ing all bytes that form a code, and storing 
them until the next code is available. If 
necessary, the computer can call up a certain 
code. Note, however, that the code can be 
read out only once to prevent the system 
reading incorrect codes. The data can be read 
by the computer at high speed in parallel 
form. Likewise, the writing of data to the ti- 
mecode interface, and from there to the tape, 
isa simple process that requires little time. 

The block diagram in Fig. 1 illustrates the 
operation of the system. The most important 
part is the bidirectional serial-to-parallel 
converter. Data is recorded on the tape and 
played back as a serial signal. In the circuit, 
however, all information is processed as par- 
allel data. 

The format converter is capable of trans- 
mitting and receiving independently. The 
clock oscillator determines the speed of the 
scrial signal, which, incidentally, may be set 
differently for transmission and reception. 


Transmit operation 

The parallel data applied to the unit by the 
computer is converted into a serial data- 
stream that consists of logic ones and zeroes. 
Next, these digital levels are converted into 
tone bursts of 2,500 Hz (logic 0) and 5,000 Hz 
(logic 1). The clock frequencies used for this 
conversion are derived from the converter 
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clock, Before the bursts arc sent to the tape 
recorder, their level is adapted, and the 
bandwidth is limited. 


Receive operation 5v 
The data retrieved from the tape is amplified Ic12 = 74HCTOO ao Oo @ @ @ 


and subsequently digitized by a Schmitt- m4 jet, je1a = 7ancTaa ee Aes ee, ee Ee en as 
trigger. A frequency detector recognizes the (C18 = 74HC132 tc7-(9 Fe 

two burst frequencies, and converts them obit ted OO & © © © @ 
into logic 1s and 0s which are applied to the 1620 ... 1022 = 7aHCTaDG6 

serial-to-parallel converter. When the data is 

valid, the ‘data available’ (DAY) signal is ac- Qe] 


tuated, and the data appears on the parallel 
outputs of the converter, 


Data processing 

A time code consists of three bytes which are 
held together as a unit by a byte shifter and 
a code detector. When the converter detects 
the start of a new dataword, the previously 
loaded word is shifted one location in the 
byte shifter. In this way, the system can hold 
up to four bytes ata time. The ‘oldest’ byte is 
lost when the next word appears. 

To ena ble the system to recognize a com- SLLISLLSLTSSLSSLSSEELTESLESSSSSESESPSSESSLPSTSSPSEESSEEEEESUASESSEEE PLETED 
plete code in the datastream, the codes are 
separated by short pauses. This results in the 
DAV signal being active longer during a 
pause than in between bytes that form a 
code. This is detected by the ‘code detect’ 
block, which also serves to feed the received z 
code to the displ ay. When the codes are not CLLLLESTEOLSSSTSELELTSLULLESETTLLLSSTTEEEE EDD 
used, the display will simply show them one @sv 
by one as they are retrieved from the tape. 
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Computer action 

The synchronization function of the circuit 
requires that the time information can be 
read, recognized and processed. This is 
achieved via an interface that allows the 
computer to detect the presence of a ti- 
mecode, The code detector output is latched 
in the computer interface with the aid of the 
CLK (clock) line. A buffer, which also serves 
to read other signals, allows the computer to 
test for the presence of a code, To prevent 
new databytes being loaded, the shift input 
is also switched to the computer interface 
when a code is present. 

The computer interface allows the code to 
be read and processed on a byte-by-byte 
basis. When the read operation is finished, 
the latch requires a reset signal before it can 
accept the next code. 


PI Pry 
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Timing of the datastream 

It will be clear that the bytes that make up the 
time code must be sent in quick succession to 
enable the system to detect them as a coher- 
ent block. We must take into account how- 
ever the code detection time as well as the 
time required to convert a byte to serial for- 


mat and record it on the tape. Since the par- sl a PO So a Tt il i? + + 
allel-to-serial converter can not handle = oe ee ae ee ae a Ln Li I. I. ale"? 
1D0n 100m 41001 = Dn 


26 C27 C28 C2 

further data just after receiving a byte, and pee re lee eerie nearness 

sages Me @ : 
has only room for two bytes, there is a re- 
quirement for the system to signal that the 
next databyte can be offered. This is 
achieved by using the TBMT (Transmitter 
Buffer eMpTy) signal supplied by the con- 
verter, A new databyte can be applied as 
long as TMBT is active, indicating that the Fig. 2. Circuit diagram of the timecode interface. 
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transmit buffer is empty after sending a byte 
to the internal shift register. 

The write speed of the system is ensured 
by sending the bytes that form a code at the 
time the buffer is empty. Due care should be 
taken, however, to leave sufficient time be- 
tween codes to enable them to be detected as 
coherent blocks during reception. 

The above system works on the assump- 
tion that the 1BMT output of the converter is 
continuously monitored. Another possibility 
is to send the next byte just before the end of 
the previous one, under interrupt control. 
This allows the system to handle other tasks 
in the mean time, without being fully ‘tied 
up’ with the interface. 

The interface is based on two possible 
speeds, 10 ms/byte and 5 ms/byte. These 
speeds allow interrupt cycles to be used of 
20 ms and 10 ms respectively (two bytes can 
be sent during an interrupt). To make sure 
that the code can also be read back under in- 
terrupt control, a minimum pause of one in- 
terrupt period is required. 


Computer interface 

The interface between the timecode control- 
ler and the computer is relatively simple, 
and consists of a few ICs only. The PC and 
the timecode interface communicate via the 
universal I/O interface for IBM PCs (Ref. 3). 
As already mentioned, we have in the pi- 
peline a stand-alone Z80-based control card 
designed to assume the function of the PC. 
This card also has an interface for the slide 
controller, and offers PC control and manual 
control as options. 


Circuit description 


The practical realization of the above func- 
tions is shown in the circuit diagram in 
Fig. 2. The heart of the circuit is formed by 
the parallel-to-series format converter, a 
UART (universal asynchronous —re- 
ceiver/transmitter) Type AY3-1015D, ICs. 
This IC is capable of converting data from 
serial to parallel and parallel to serial. These 
operations are independent and may run at 
different speeds. 

First, the parallel-to-series conversion is 
described, i.e., the writing of data to tape. 
The timing diagrams in Fig, 3 through 6 il- 
lustrate how the conversion works, The 
numbers that identify the signals in the tim- 
ing diagrams correspond to those found at 
various points in the circuit diagram. 


Parallel-to-series conversion 

Figure 3 illustrates how a parallel code is 
converted into a serial signal that is recorded 
on to tape. The signal direction is basically 
via IC1i and a pulse at the DS (data strobe) 
input of IC (signal 1). The tape signal is 
shown as signal 6. First, the code is con- 
verted from parallel into serial format. The 
serial output signal, 4, available at the SO 
(serial output) pin of IC, is fed to IC12. 

A clock oscillator based on a 4060, ICs, 
determines the bit rate of the serial signal. 
The electronic switches in IC22 select be- 
tween two clock speeds, which may be set in- 
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dependently for transmission and reception. 
The clock oscillator also determines which 
frequencies are fed to gates IC12a and [C12b. 
ICi2 forms a frequency selector controlled by 
the level of the so output of IC4. 1C2 divides 
the output signal of IC12c by eight. Assuming 
that the lower bit rate is used, this results in 
four periods fora logic 1, and two periods for 
a logic 0, corresponding to frequencies of 
about 5 kHz and 2.5 kHz respectively. At the 
higher bit rate, the number of periods is 
halved (but the frequencies remain the 
same). 

You may wonder why we have gone to 
all this trouble when the outputs of the 4060 
already supply the required burst frequen- 
cies. The reason is that the signals at the 
divider outputs are not synchronous with 
the UART output signal (remember, the 
UART derives the timing of sO from its clock 
signal). If the bursts are not generated syn- 
chroously with the so signal, frequency 
changes could occur in one period, resulting 
in signal peaks, tape saturation and other un- 
wanted effects that cause trouble when the 
data is read back from the tape. In the pres- 
ent circuit, the synchronism is actually 
achieved by Cs and R13, which reset IC2 (sig- 
nal 5) on every logic 0 (which occurs at the 
start of a serial word). This ensures that 
every dataword starts with a well-defined 
‘low’ period. 

Components R14, R15 and Cs forma level 
conversion circuit as wellas a low-pass filter. 
The output signal is limited to about 1 Vpp. 
Electronic switches C20 and 1C20b determi- 
neo to which output the recording signal is 
fed. 


Serial-to-parallel conversion 
At the tape input of the interface, switches 
1C2ad and C20 determine which signal is fed 
to amplifier [C1. The gain of IC1 is made ad- 
justable with preset P1 to allow the sensitiv- 
ity of the circuit to be matched to the 
playback level of the tape recorder used. IC1 
is set to amplify the sinusoidal input signals 
with respect to half the supply voltage. Next, 
the signal is converted into a pulse train from 
which the logic 1s and 0s can be extracted. 
This is achieved ina reliable manner by mak- 
ing use of a specific characteristic of HCMOS 
integrated circuits, in which the digital level 
(0 or 1) is related to half the supply voltage. 
This means that a gate in the 74HC132 pack- 
age forms an ideal zero-crossing detector if a 
little hysteresis is added. Mind you: [C15 
must be a HC type, not a HCT type. 

Assuming that the data recovery circuit 
works, pin 8 of IC15 supplies a copy of the 
signal sent to the tape recorder (signal 6). To 
eliminate the 180° phase shift introduced be- 
tween the input and the output of some tape 
recorders, switch S1 allows the digital datas- 
tream to be inverted. 

As shown in the timing diagrams, signal 
7 consists of two frequencies that must be 
converted into logic Os and Is (see also 
Fig. 4). The falling signal edges (signal 7) 
start a one-shot, IC13, whose output pulse 
width is set to about 75% of the period of the 
highest burst frequency. When the Q output 
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Table 1. 


(signal 8) returns to logic high, the level of 
the input signal is latched in IC 14a. As illus- 
trated in Fig. 5, a logic 1 is latched at a high 
frequency, and a logic low at a low fre- 
quency. The decoded signal (9) is fed to the 
serial input of the UART via electronic 
switch IC2ta. The result of the serial-to-paral- 
lel conversion is available on pins 5 through 
12 of IC4. The DAV output of the converter 
(signal 10) indicates that a new byte has been 
read, 

The byte shifter discussed earlier is 
formed by ICs, ICe and IC7. A rising edge at 
the CLK input of IC7 (signal 13) causes the 
byte to be transferred from the input to the 
output. At the same time, MMV (monostable 
multivibrator) [Ci4b is started. A little later, 
IC14b starts another MMV, IC13b. The setting 
of ICi3b clocks ICe (signal 14), while the re- 
setting clocks IC5 (signal 15). This results in 
all bytes available via K5, Ke and K7 being 
shifted one position. 

Disregarding the computer interface for 
the moment, signal 13 is the result of the DAV 
(data available) signal (10). At the end of the 
DAV signal, a new byte enters the byte shifter. 
DAY is reset by the start bit of the next byte 
received. 

Besides controlling the byte shifter, signal 
10 starts the code detector formed by IC17b 
and IC isb. If signal 10 is still at logic 1 when 
the Q pulse is finished (this occurs when a 
code is received), a logic 1 is latched in ICisb 
(signal 17). A start bit of the next byte in a 
subsequent code (signal 9) resets this infor- 
mation again via ICi7a. The received code 
can be visualized by connecting 22 ‘EEDTS’ 
address display modules to K5, Ko and K7. 
The code displayed remains stable until a 
new valid code is received. 

When input B is used, the display is 
switched off because it would show a differ- 
ent data format that makes no sense to vis- 
ualize. 


Communication with the computer 

Connector K9 may be connected to the 
universal I/O interface (Ref. 3) or to any 
other equipment that provides a similar con- 
trol bus. The PC I/O interface keeps the ad- 
dress decoding in the timecode circuit 
simple. The address selection signals are 
available at the outputs of ICi9a (read) and 
ICi%b (write). Table 1 lists the functions of the 
selection lines. The RDAY signal allows us to 
check the status of the code detector (signal 


Address assignment in the timecode interface. 


17). When a code is ready for reading, this 
condition is stored in ICi8a (signal 20). This 
bistable blocks signal 10, which prevents the 
code being changed in the mean time. The 
TEST signal (19) is used to read the informa- 
tion held by buffer IC9. TEST indicates that a 
code has been detected. Jf it is active, the da- 
tabytes can be read or shifted with the aid of 
RDDATA (21) and SHIFT (12) — see Fig. 6. 

The code detector is restarted by signal 
22, RDAV. The Q output of IC isa resets the 
code detector via IC17a. The UART is written 
to with the aid of the WRDATA signal. 

The WRTAPE signal enables input A or B to 
be selected via JCi0, a monitor position to be 
switched (SO, signal 4, is fed direct to SI, sig- 
nal 9), and the transmitter and the receiver to 
be switched to the high bit rate via THIGH and 
RHIGH. 

The remaining inputs and outputs of ICs 
and IC10 are brought together on connector 
K10, which is intended for options related to 
recorder control. 


Status signalling and power supply 
LEDs are used at a number of positions in the 
circuit to indicate the configuration selected. 
A voltage regulator, [C23, is provided on 
the board to enable the circuit to be powered 
by a mains adaptor when used in stand- 
alone applications without a computer link 
{tape playback only). Components R35 to 
R40, C21 and C22 ensure that the interface can 
read tape signals recorded at the low bil rate. 
Switch 82 provides a selection between com- 


puter supply or adaptor supply. 4 
Continued in the September 1997 issue. 
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MODERN LED CLOCK 


Clocks, as most of you will be aware, can take many shapes and 
sizes. Here is one with a fairly unusual read-out, intended as an eye 


S shown in Fig. 1, the 29 LEDs on the 

front panel of the clock are arranged in 
four groups: 12 for the hours indication, 6 for 
the 10-minutes indication, 10 for the 
minutes, and I for the seconds indication. 
The read-out works as follows: suppose it is 
3.54 (a.m. or p.m,). This time is indicated as 
follows: in the top bar, the third LED from 
the left lights (3 hours); in the centre bar, the 
LED at the extreme right (50 minutes); and in 


catcher on your desk. 


J. Ruffell 


the lower bar, the fifth LED from the left 
(4 minutes). The time indication is, therefore, 
obtained by adding the values indicated by 
the three bars. 


The circuit 


The clock consists of three main parts: a 
counter, an adjustment circuit, and a read- 
out, These functions are easily located in the 
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circuit diagram, Fig. 2. The mains frequency, 
50 Hz, is applied to the clock input of 
counter IC1, which divides the clock input 
signal by 50. Its Q2B output supplies the sec- 
onds pulses. If the mains frequency is 60 Hz, 
pin 11 of ICi should be tied to ground in- 
stead of to the positive supply line. 

The second counter, [C4, is wired to 
divide by 60, and supplies the minutes 
pulses, i.e., a rectangular output signal with 
a period of 1 minute. Via an XOR gate, N1, 
the minutes pulses are fed to the clock input 
of a 4017 decade counter, IC3. The ten LEDs 
at the outputs of the counter, D1-Dto, form 
the minutes read-out. When IC3 reaches out- 
put state 10, it supplies a high level at its 
carry-out (CO) pin. This pulse clocks a sec- 
ond 4017, ICs, via XOR gate N2. The second 
decade counter counts to 6and drives the 10- 
minutes indicators, Di1-Di6, 

Every time Q6 of ICo goes high, the 
counter resets itself via D32. This happens 
when 6 periods of ten minutes, or 1 hour, 
have elapsed. The hours pulse is fed to a 
third 4017 counter, IC7, via XOR gate N3 and 
bistables FF1 and FF2, Since we require an in- 
dication of 12 units (12 hours), the hours 
pulse can not be fed direct to the 4017, which 
can only count to 10. The first bistable 
divides the hours pulses by two, so that the 
counter is advanced every two hours rather 
than every hour. 

A 12-hour indication is obtained by reset- 
ting the counter when value 6 is reached (Q6- 
RST connection), and using the Q and re) 
signal of bistable FF to control two driver 
transistors that, in turn, control two groups 
of six LEDs connected to the outputs of IC7. 
This works as follows, The first clock pulse 
sets FF1, so that the Q output goes high, and 
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the Q output low. This switches on T2, so that 

one of the LEDs D23-D2s lights. The 0-to-1 


transition at the Q output of FFI sets the sec- O OO O O OO OO O O O hours 


ond bistable, FF2, which actuates its Q out- 11234567891 12 


put and thus clocks IC7, while T1 is switched 


off (because O is low). The two bistables OOOO0OO 10 minutes 


toggle on the next clock pulse supplied by 
Ns. As a result, T1 starts to conduct, so that 0 10 20 30 40 50 


one of the LEDs D17-D22 lights. The other OOQOOOOOO O OO minutes 
group of LEDs, D23-D2s, is switched off via 
T2. The counter, 1C7, does not receive a clock set 
pulse, and remains at the previous state until O second hours 10min. min. 
the third clock pulse occurs. 

You may wonder at this stage why the 
second bistable, FF2, is used when the Q out- 
put of FF could control T1 direct. We found 
ita pity not to use the second bistable when 
itis available anyway in the 4013 IC. Its pur- 
pose here is to allow you to start the clock at 896139X - 12 
0.00 h exactly. By making sure that FF? is set, 
and FF1 is reset, when the clock is switched Fig. 1. Suggested front panel layout of the LED clock. 
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Fig. 2. Circuit diagram of te LED clock. Note that the circuit is powered by a mains adaptor with an output of 12 V a-c. 
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Fig. 3. 


on, the two transistors are switched off dur- 
ing the first hour, allowing you to start the 
clock at 0.00 h exactly. Without the bistable, 
this would have the be done at 1.00 h, which 
we found less usual. 

Note that although IC7 is advanced every 
two hours, a different LED lights every hour. 

The clock is synchronized by applying 
the 1-Hz signal to the inputs of the minutes, 
10-minutes and hours counters. This is 
achieved with the aid of three push-buttons, 
51,52 and $3, and three associated XOR gates, 
Ni, N2 and Na. The push-buttons are con- 
nected to R-C debouncing networks to en- 
sure reliable response of the clock setting to 
the actions on the keys. 

Without a proper reset pulse, the decade 
counters, [Cs and IC7, could start at a value 
higher than 6 when the clock is switched on. 
Since in that case none of the LEDs lights, it 
would appear as if the clock is not functional 
when itis switched on, To avoid this, gate Na 
supplies a well-defined reset pulse, which is 
also used to start the clock at 0,00 h. 

The power supply is conventional, and 
based on a three-pin fixed voltage regulator 
Type 7810 (ICs). The input voltage to the 
board is supplied by the secondary winding 
of a 12-V transformer. 


Track layout (mirror image) and component mounting plan. 


COMPONENTS LIST 


R1i;R18 
R2:R5;R6 
R3;R4;R8:R14; 
Rid 

R7:R13 

RQ 

R10 

Ri 

Ri2 

RI6:R17 


Ci 
C2;C3;C4;C7; 
G10:C11;012 
C5 


Construction 


Since the clock is a relatively complex de- 
sign, it is best to build it on the printed-cir- 
cuit board shown in Fig. 3 rather than on 
prototyping board. The construction itself is 
straightforward once you have produced a 
good quality PCB from the track layout 


1 220uF 25V C6 
1 100 uF 16V C8 
1 10uF 16V ie) 
Semiconductors: 
29 LED 

1N4001 
{N4148 
BC547 

4566 

4070 

4017 

4013 

7810 


D1-D29 
D30;D35-D38 
D31-D34 
THT! 
1C1;104 

Ice 


> + Oo SORE RO 


Miscellaneous: 
3 Digitast push-button $1;S2;S3 


given. All LEDs and the three switches are 
accommodated on the PCB, so that the wir- 
ing is limited to the two a.c. supply connec- 
tions. 

The clock is housed in a black ABS enclo- 
sure with a front panel to the design in Fig. 1. | 
Once you have tested and adjusted it, put it 
on your desk! a 
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MULTIFUNCTION I/O CARD FOR 


This insertion card for IBM PCs and compatibles is the gateway to 
PC-based control of almost any type of equipment. Based on the 
familiar 8255 PPI from Intel, the card offers no fewer than 16 relay 

outputs, 8 electrically isolated digital inputs, and 24 programmable 

1/0 lines. 


OST industrial control systems used 

these days are based on PLCs (pro- 
grammable logic controllers), which provide 
a small amount of ‘intelligence’ to handle 
automated processes at various points along 
a production or assembly line. Usually, the 
function of a PLC boils down to error detec- 
tion and correction. For example, in a paper 
works, the sheets of paper produced by a 
machine will need to be packaged. This is 
usually done by rolling the sheets on large 
spools. Since the paper leaves the machine at 
a constant speed, and the effective diameter 
of the spool increases as more paper is rolled 
on to it, the rotational speed of a spool will 
need to be controlled to prevent the thin 
sheet of paper being torn. Such a task can, in 
principle, be handled by a PC equipped with 
the I/O card described here. 


The circuit 


The present I/O card is a relatively simple 
design because the hardware is geared fully 
to switching and contro] applications. The 
circuit diagram in Fig. 1 shows the general 
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structure of the interface. The data and ad- 
dress signals for the I/O card are supplied 
by the PC via a bus extension connector. The 
databus is buffered by a 74HCT245 octal 
bidirectional driver, ICs. The address lines 
are buffered with unidirectional drivers, a 
74HCT240 (C10) and a 74HCT244 (IC11). 
Since the I/O card uses only 10 address lines, 
the remaining drivers in IC11 are used to 
buffer control signals IOWR, IORD, RESET 
and AEN. 

The address buffer ICs are followed by an 
address decoder, which takes the form of a 
PAL (programmable logic array), IC 12. This 
IC, which is available ready-programmed, 
performs certain combinatorial logic func- 
tions that would otherwise have required a 
fair number of integrated circuits. The PAL 
selects two address blocks in which the two 
PPIs (programmable peripheral interface) 
Type 8255 are accessed. The 8255 is used 
here because it is inexpensive, widely avail- 
able, and simple to program. 

The I/O ports of IC 14 are wired direct to 
connector K1. The outputs of the other $255, 
ICi3, are connected to the on-board relays 


MAIN SPECIFICATIONS 


« Universal I/O card for PCs and 
compatibles 

* 16 relays with changeover 
contacts 


* 8 optocoupler inputs for full 
electrical isolation 

* 24 digital input/output lines — 

* Buffers for all PC signals 

* Inexpensive and compact 


* Based on PPI 8255; simple to | 
program in BASIC or Pascal 


and optocouplers. Port A is connected to op- 
tocouplers [C1-ICs, while port lines PBO-PB7 
and PC0-PC7 are buffered by two ULN2803 
driver ICs that control the relays. The drivers 
ensure minimum loading of the 8255 out- 
puts, and their built-in output diode sup- 
presses back-e.m.f pulses when a relay coil is 
switched off. PPI port B switches relays Rei- 
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Circuit diagram of the PC input/output card. A PAL (programmable array logic), |C12, takes care of all the address decoding, avoidi], , 
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Res, and port C relays Re9-Relp. 

Since the relays are types with a change- 
over contact, you have the choice between a 
normally open (NO) and a normally closed 
(NC) contact to suit your application. The re- 
lays used here are Siemens Type V23040- 
AO001-B201. These are quite sturdy, 
although they weigh only 6 g. The gold- 
plated, rhodium-coated, contacts are made 
of palladium-nickel. According to the manu- 
facturer, the contacts are rated at a maxi- 
mum current of 2 A ata voltage of 150 V d.c. 
or 125 V a.c. The printed-circuit board, how- 
ever, forms a limiting factor here, because 
the copper tracks connected to the relay con- 
tacts may not carry more than 1 A. Also note 
that the tracks are not suitable for high volt- 
ages. 

Digital input signals are measured via 
optocouplers that ensure electrical isolation 
between the PC and the peripheral equip- 
ment. Because of the inverting function of an 
optocoupler, a logic high input level is read 
as a logic 0 by the PC. The optocoupler in- 
puts are fitted with current limiting resistors. 
If necessary, the value of these resistors is 
adapted to suit the applied voltage level, Ui. 
The resistors value, R, is simple to calculate 
from 
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where / lies between 5 mA and If) mA. The 
LEDs in the optocouplers are fitted with par- 
allel diodes that protect them against too 
high reverse voltages. 
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Building the card 


The construction of the [/O card is simple, 
and merits little comment. The track layouts 
and component overlay of the double-sided 
through-plated printed circuit board are 
shown in Fig. 4. Ready-made boards sup- 
plied through our Readers Services are pro- 
vided with gold-plated PCB bus contact 
fingers. All components, including the re- 
lays, are fitted on the board. The relay con- 
tacts are brought out to connectors K2, Ks, K4 
and Ks. Input signals are applied to the card 
via connector Ke, while the programmable 
1/Olines of PPI [C14 are available on connec- 
tor Kt. 

The flatcables connected to the I/O card 
will have to enter the PC enclosure at a suit- 
able location; in view of the universal charac- 
ter of the present [/O card, there is no other 
way. In some cases, the PC will have to be 
left open during initial tests. Later, when the 
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The only connector directly accessible at 
the rear of the computer is a 25-way D type 
that connects PPI [C14 to the real world. This 
connector protrudes from an aluminium fix- 
ing plate used to secure the I/O card to the 
metal frame at the rear of the PC. 

The card must be given its appropriate 
address before it is fitted into a free bus ex- 
tension slot. Two jumpers are used for the 
complex decoder circuit based on standard logic functions. address setting in the I/O range between 
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coms 9 0 Nes card and control software have passed the 
| Reo cz, test phases, a more permanent solution will 
have to be found to deal with the flatcables. 
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COMPONENTS LIST 


REM controlling multi-I/O card for IBM-PC in BASIC 


ibmio interface test 
&H300-S&H307 1: GH308-30F 2: &H310-8H317 3: SH318-31F 


AL=M*0: Bi-xXel: : CTRLI=%+3: 
We ee yy Reh tore Cae > CTRL2-H+7 
OUT CTRL1,&H9R: * 
QUT CTRL2 ,6H90: ~ . H and C output 
test of I/O ports 


LOCATE 33,1:PRINT "Testing 

LOCATE 10,1 

FOR 1-0 TO 7 

OUT B2,2°1 

GOSUB 240 

NEXT | 

FOR [ @ TO 7? 

OUT C2,2°1 

GOSUB 740 

NEXT | 

PRINT HEX${ INPCA2)),INPCA1 }, INP{B1), INP(C2 } 
GOTO 120 

FOR J:0 TO 100:NEXT 

RETURN 910029-12 


PAL 16L8 (ESS 5991) C12 
8255-2 
ULN2803 


Fig. 2. Sample test program for the I/O card. 


Miscellaneous: 
16 PCB-mount change- 
over relay, 5V\.6.9; 
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3004 and 31Fy, in which the card occupies a 
' block of 8 adresses. The jumpers set the fol- 
or a9 ae ee . lowing base addresses: 


BF OWES NOMAD Gara BUS 


TERNAL 
oaTe BUS 


300 308 «310318 
AB AS AB AS 
Ad Ad Ad AA 


In most cases, one of these base addresses 
will be free to accommodate the [/O card. If 
all four of them are available, you may even 
install four I/O cards. 


Control software 


The heart of the circuit is formed by the two 
8255 PPIs, which need to be programmed 
depending on the control function of the [/O 
card. The internal structure of the 8255 is 
given in Fig. 3. The three 8-bit 1/O ports con- 
tained in the IC are arranged into two groups 
of one and a half port each. This unusual di- 
vision is the result of the handshake facilities 
offered by the PPI, which can be used in one 
of three basic modes: 


OO ee ADDRESS BUS } 


ete” neh ee adhe 
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axe colette : 
ira _DATA BUS <= } 


éoack 


MODE O 


Mode 0: basicinput/output 
Mode 1: strobed input/output 
Mode 2: bidirectional bus 


eS 
4 vo 


PC, PCy 


The mode selection is effected by sending a 
control word to the 8255. As shown in Fig. 3, 
Port C is the odd man out because it consists 
of two 4-bit ports that can be used for 1/O as 
well for handshaking and interrupt. Each of 
the two ‘half’ ports is connected to the other 
two, &-bit, ports. 

The special internal structure of the 8255, 
which is really an [/O device with two 12-bit 
ports, is also reflected in the control of the IC. 
The organization of the control word, and 
the function of the individual bits may be 
Fig. 3. Internal structure (3a) and port programming options (3b) of the 8255 PPI (Intel). found in the datasheets of the 8255. Note that 
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Fig. 4a. Component mounting plan and component side track layout (mirror image) of the double-sided, through-plated PCB. 
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the port lines can not be set to input output 
individually — this is only possible for the 
entire port. Bit 7 is always ‘1’ when selecting 
a mode. 

The simplest setting is Mode 0, in which 
the processor only has to perform read or 
write operations on certain registers. A port 
programmed to function as an output can be 
read back at any time. The use of Mode 1 and 
Mode 2, and the programming of bit 7 in the 
control word are not covered here, since the 
PPI is always used in Mode 0 on this card. 
Further details on the 8255 can be found in 
the datasheets supplied by Intel, as wellas in 
Data sheet book 2, an Elektor Electronics publi- 
cation. 

The PPI outputs are capable of supplying 
a maximum current of 1 mA at an output 
voltage of 1.5 V. This allows an output port 
line to be connected to a darlington transistor 
or an integrated darlington driver, The cur- 
rent sink capability of the output lines is 
about 2.5 mA, 

The listing in Fig. 2 is a small BASIC pro- 
gram intended to help you on the way to de- 
veloping your own software for the [/O 
card. The program shows how the PPIs are 
initialized, and how the relays and the opto- 
couplers can be tested. The relays are en- 
ergized in succession, and the logic levels at 
the optocoupler inputs are continuously 
read. The port lines of PPI IC14 are defined as 
inputs, and their logic level is shown on the 
screen. a 


Fig. 4b. Solder side track layout (mirror image). 
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Most of you will know that 
processing video images 
on a computer requires a 
video digitizer. 
Unfortunately, these units 
do not come cheap. The 
circuit described here is a 
low-cost, yet quite 
advanced, video digitizer 
with excellent 
performance. Designed for 
use with the Acorn 
Archimedes computer, and 
complete with a powerful 
software package, it allows 
video images to be 
captured, loaded into 
documents, and converted 
to different graphics 
formats for exporting to 
other computer systems. 


J. Kortink 


N recent years, the use of software and 

hardware tools to integrate images, sound 
and text on a computer has been boosted by 
the rise of the graphics user interface (GUD, 
which allows the user to have a good indica- 
tion of the printed result simply by looking 
at the screen, This seems logical, but used to 
be impossible on computer systems based on 
textonly. 

The RiscOS (reduced instruction set com- 
puter operating system) implemented on 
Acorn’s Archimedes computer is among the 
most advanced of GUIs, offering a host of in- 
terface options and support software. 

The digitizer described here converts 
video signals supplied by a TV set, a cam- 
corder, a video recorder, or a video camera 
with a still-picture facility, into digital data 
that can be processed by the Archimedes. 
The support software for this project offers 
all the routines required to edit the captured 
pictures until the user is satisfied with the re- 
sult. Special filters have been implemented 
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in the software that enable errors in the im- 
ages to be corrected, and the contrast to be 
optimized. 

The data formats used for the picture files 
enable these to be exchanged between differ- 
ent applications. Furthermore, the files can 
be converted to standardized formats such 
as GIF and TIFF. This allows any MS-DOS 
PC, Commodore Amiga, and even a UNIX 
workstation to use the digitized pictures. 

AIM, the picture processing program de- 
veloped by the Department of Applied 
Physics of the Technical University of Delft, 
Holland, is capable of importing the picture 
files produced by the digitizer. This means 
that the hardware described here is suitable 
for educational purposes as well as ad- 
vanced studies into picture analysis, compo- 
sition and processing. 


The circuit 


Video signals are much more difficult to con- 
vert than audio signals, mainly because the 
process of digitizing the analogue input le- 
vels must runata fairly high speed, and syn- 


ee 
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ee ie 


with multi-task 


chronously with the video information ap- 
plied to the A-D (analogue-to-digital) con- 
verter. The latter requirement can be met by 
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making use of the synchronization (sync) 
signals contained in the input signal. 
Although the above functions appear 
pretty daunting, we have managed to keep 
the digitizer simple, resulting in a compact 
circuit built on a single Eurocard-size 
(10x16 cm) printed circuit board. The ad- 
vantages of the digitizer over competitive 
designs are mainly the lower cost and the 
simpler construction. On the down side, it 
should be noted that the A-D conversion can 
not be run in real time, which results in 
slightly more time required to capture the 
picture. In practice, this should not be a 
problem since most of the previously men- 
tioned video sources are capable of sup- 
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plying a still picture for about 2.5 seconds. 
The circuit diagram of the video digitizer 
is shown in Fig. la. Basically a so-called 
simple podule, the circuit is addressed in one 
of four 16-KByte address blocks reserved by 
the IOC. The podule operates in fast mode. 


Podule ident 

The jumpers around ICi transmit the podule 
identification to the operating system. The 
function of the identification bits is given in 
Table 1. Bits 1, 2 and 7 are fixed; the others 
can be set to 0 or 1 as required by placing the 
appropriate jumpers, Bits 3 through 6 set the 
identification nibble to $E (hexadecimal), en- 
abling the RiscOS to recognize the podule, 
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1c13 
1c14 
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and locate it in the memory, where it is ac- 
cessed with the aid of fixed subroutines. 

The podule is selected by the PS signal at 
pin C22 of connector Ki. The selected ad- 
dress is then available on address lines LA2- 
LA15 (pins A2-A15), while the data appears 
on lines BD0-BD15 (pins A16-A31). Since the 
Archimedes works with words (of 32 bits) 
rather than bytes, the two lower address 
lines, LAO and LAI, are not used. 

As indicated by the two schematic draw- 
ings, the digitizer consists of an A-D conver- 
ter (Fig. la) and an optional circuit (Fig. 1b) 
that may be used as an extra I/O port on the 
Archimedes. 
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Fig. 1a. 
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1C6 = 74HCT32 
IC? = 74HCT74 
IC9 = 74HCT14 
1C12 = 74HCT4066 
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Circuit diagram of the video digitizer section. 
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Sync separator 

As shown in Fig. 1a, the video signal applied 
to the digitizer follows two paths — one 
leads to the ADC chip (an ADC0820) via a 
buffer and a clamping circuit, and the other 
to an LM1881 via a coupling capacitor. The 
LM1881 is a synchronization separator that 
extracts the horizontal syne (HSYNC, pin 5) 
and the vertical sync (VSYNC, pin 3) from 
the composite input signal. In addition, it 
supplies an odd/even field indication signal 
on pin 7 (for interlaced video signals), and a 
composite synchronization signal (CSYNC, 
pin 1). Here, the HSYNC signal supplied by 
the LM188] is used mainly by the hardware, 
while the VSYNC and odd/even signals are 
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processed by the software. The latter two are 
fed to the computer via IC3, an octal bus buff- 
er Type 74HCT245. IC12, a 4066 bilateral 
CMOS switch, restores the black level of the 
video signal after every HSYNC pulse. The 
drive to the ADC is set with a preset, P1. 


Analogue to digital conversion 

A black-and-white video signal can be con- 
verted from analogue to digital by taking 
samples of the luminance (brightness) com- 
ponent. This is achieved with an ADC, IC10. 
When the start condition occurs (pins 8 and 
13 are brought low simultaneously with 
pin 7 held low permanently), a sample is 
taken of the video signal, and stored inter- 
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Fig. 1b, Circuit diagram of the automatic brightness extension and the 18-bit I/O port. 
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nally. After about 1.2 Us, the conversion is 
complete, and the digital value of the sample 
is available. Next, the ADC signals to the 
computer that the conversion is finished by 
actuating the INT (interrupt) line. At the 
same time, the digital value is stored in ICt4, 
an 8-bit register. Next, the INT line is cleared. 
Since the interrupt signal is fed to a binary 
counter (ICs, a 74HCT4024), it is a simple 
matter to count the number of conversions 
since the last HSYNC pulse. The lower four 
bits supplied by the counter are read by the 
software via IC3, a 74HCT245. The counter is 
reset by the CSYNC pulse, so that its output 
value is nought at the start of every picture 
line. 

A complete picture line, including the 
HSYNC pulse, has a length of 64 us (PAL B, 
G and I systems, line frequency 15,625 Hz, 
raster frequency 50 Hz). Realizing that the 
distance between successive samples is 
about 0.1 us at the maximum resolution of 
640 picture elements, it will be clear that the 
ADC is too slow at a conversion time of 
1.2 us. Since we do not want to use the latest 
of (very expensive) video ADCs, we are 
more or less forced to run multiple sampling 
operations on a single picture line. 

Apart from the hardware, the software 
and the data transmission to the computer 
memory are limiting factors in this respect. 
In practice, each picture line is sampled 
64 times before it is completely digitized. 
This sets the time between successive 
samples to 6.4 is. A disadvantage of this sol- 
ution is that the picture has to be stable for at 
least 25x64=2.56 s. 

Since every picture line has to be sampled 
so often, the sampling times must be fixed 
accurately, This is achieved by dividing the 
6.4-s interval into sixty-four 0.1-1s slots. 
The sampling instant must move by exactly 
one slot on completion of each successive 
sampling operation. 

After the complete picture line has been 
digitized, the software fetches the data from 
the memory, and puts the 640 samples in the 
right order. 


Counters 
The exact starting instant of a sampling se- 
quence is determined by IC4, ICs and [C13. 
The first two are 74HCT163s that form an 8- 
bit counter clocked by the 24-MHz system 
clock supplied by the Archimedes mother- 
board. On the motherboard, this clock signal 
is sent to the VIDC (video processor) via a 
jumper, where it is ‘tapped’ and fed to the di- 
gitizer. This simple solution saves you the in- 
vestment in a separate 24-MHz oscillator. 

When the counter runs free, its outputs 
QA to QD supply signals with period times 
of 1.33 us, 2.67 Us, 5.33 ws and 10.67 Us re- 
spectively. Of these, the 5.33-us signal is 
used to control the ADC. Note that this is not 
the ‘ideal’ clock of 6.4 Us. Fortunately, we 
need not sample the sync signals at the start 
and the end of the picture line — the avail- 
able 53.3 Ls then cover most of the video con- 
tents of the picture line. 

During the HSYNC pulse, the 8-bit 
counter is loaded with the content of 1C13, a 
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74LICT574. The value determines the time 
between the HSYNC pulse and the first time 
output OC of IC5 goes low. After that, OC 
will go high, toggling with 5.33-us ‘low’ 
pauses, and enabling the ADC during the 
‘high’ periods. After shifting the sampling 
starting instant 64 times, the content of the 
entire picture line has been sampled. 

A built-in option of the circuit is that the 
load pulse of IC4 and [C5 can be blocked via 
bistable IC71 and AND gate [Cod. This allows 
the software to control the behaviour of the 
QC output of the counter via buffer IC3 and 
dataline BD11. 

The four address selection signals are 
derived from the LA2, LA3 and LA4 address 


0 = podule generates FIRQ 
“1 = podule does not generat 
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Prototypes of the digitizer, with (left) and without (right) the optional extensions. 


bits on the podule connector with the aid of 
a 74HCT138, IC2. This decoder is actuated by 
the PS signal supplied by the computer via 
pin 4 of the podule connector. Since IC13 is a 
write-only device, its selection signal is 
ANDed with PWE (podule write enable). 
Similarly, the selection signal for the read- 
only devices, IC1, [C3 and IC14, is ANDed 
with the PRE (podule read enable) signal. 
As shown in the circuit diagram, the da- 
tabus is 16-bits wide, and used fully to read 
back address 4. This allows the computer to 
load an 8-bit sample and the other relevant 
information ina single read operation. 


Extra features 

The circuit diagram of the (optional) extra 
1/O portimplemented on the present podule 
is shown in Fig. 1b. The port consists of four 
ICs: three PCF8574s and one PCF8591. The 
PCF8574s together form an 18-bit 1/O port, 
and the PCF8591 a single-chip ADC/DAC. 
All four ICs are controlled via the I’C bus 
provided on the Archimedes. This bus, de- 
signed by Philips (Ref. 1) allows integrated 
circuits to communicate by making use of a 
simple three-wire connection and a com- 
munication protocol. The I/O lines are 
brought out to a 40-pin PCB header. 

When fitted, the PCF8591 ADC /DAC is 
recognized by the digitizer software. The 
analogue output of the ADC/DAC may be 
connected to the reference input of the main 
video ADC, IC 10, to implement an automatic 
brightness control. If this option is used, omit 
Pi, and connect pin 12 of ICI0 to pin 15 of 


ICis. Furthermore, the analogue ground of 
ICis (pin 13) is connected to the circuit 
ground (pin 8 or 12). From there on, the soft- 
ware does all the work, and automatically 
presents a ‘sensitivity’ control option in the 
menu. 


Construction and test 


The digitizer is built on a single printed cir- 
cuit board that is readily fitted into the 
Archimedes. This PCB is double-sided and 
through-plated (see Fig. 3). It occupies one 
podule slot. One side has a 64-way DIN (a-c 
row) connector, the other an aluminium fix- 
ing plate which is secured to the computer 
enclosure with the aid of two screws. The fix- 
ing plate offers sufficient space for the BNC 
connector, which is connected to PCI and 
PC3, and the sensitivity potentiometer, [’1. 

Since the extra [/O channels are optional, 
the relevant [Cs need not be fitted as yet. The 
same goes for connector K2, the three resistor 
arrays Ro, Rie and R17, resistors Ru-R15 and 
preset [2. 

The construction of the PCB is straight- 
forward if you follow the indications on the 
overlay, and the components list. The supply 
decoupling capacitors may be fitted at the 
solder side of the PCB, or, if IC sockets are 
used, underneath the ICs. The fixing plate is 
secured to the PCB with the aid of two small 
aluminium brackets. 

The terminal marked ‘T’ on the digitizer 
board is connected to a short wire fitted with 
a jumper. On the Archimedes motherboard, 
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COMPUTERS AND MICROPROCESSORS 
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Fig. 3b. Component mounting plan. 


this jumper is fitted on pins 1 and 2 of plug 3 
(Model 300), or plug 4 (Model 400). The jum- 
per already fitted is removed. 

Users of a video enhancer should note 
that this unit works with a clock of 36 MHz 
on pin 2 of plug 3 or plug 4. This means that 
the digitizer clock lead must be connected to 
pin | only, which carries the 24-MHz clock 
signal. 

After fitting the video digitizer in a free 
podule slot, and connecting the clock lead to 
the motherboard, set the jumpers to hexade- 
cimal value ‘E’. This is done by fitting jum- 
pers in positions ‘A’ and ‘B’ only. Jumpers 
‘G' and ‘H’ may be used to change the base 
address of the ICs on the PC bus. These jum- 
pers are normally not fitted, enabling the 'C 
devices to be accessed at their default base 
address. Lastly, jumper ‘F’ is fitted only 
when the video source requires to be termi- 
nated in 75 Q. This will be the case for most 
video equipment. When the source is not 
properly terminated, several errors may 
occur, even including a ‘no video signal’ 
prompt on the screen. If all is well so far, 
close the computer, and concentrate on the 
software. 

Switch on the computer, and type ‘po- 
dules’ to get an overview of active podules. 
The video digitizer should report as ‘simple 
podule $E’. If this is so, it is recognized by the 
system, and likely to be functional. 

The best setting of the brightness (sensi- 
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Rt 


Resistors: 

8-way 4kQ7 array 
2202 

22kR2 

27kQ 


680kQ 

4kQ7 

1kQ potentiometer 
5kQ2 preset H 


et at at ak et OD 


Capacitors: 
2... 47uF 16V radial 
21 100nF 


Semiconductors: 
74HCT245 
74HCT138 
74HCT 163: 
74HCT32 
74HCT74 
74HCT4024 
74H0T14 
ADC0820 
LM1881 
74HCT4066 
74HCTS74 
PCF8574" 
PCF8591* 


we OO INQ mb mh ee ot wt ot OD OD 


Rg 


CoCo KooooOOO OOOO oOCOOO0000000 
R17 R16 


Dad 
oO 
> 
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COMPONENTS LIST 


R1:;R9*;R16°;R17*" 


R2:R3 

R4 

R5 

R6 

R7 
R8;R10-R15 
Pi‘ 

P2* 


C1;014 
C2-C13;015-C18; 
C19-C23* 


1C1;1IC3 
1C2 

IC4; 

icé: 

1C7 

IC8 

IC9 

IC10 

IC11 

Ic12 
1C13;1014 
1C151C16:1017 
1G18 


Miscellaneous: 
64-way a-c row male 
bus connector (DIN) 
40-way PCB header; K2 
angled, with eject handies 
ABNG socket 
jumper block 
jumper oes 
aluminium fixing plate 25x129mm 
angled bracket — 
printed-circuit board 910053 
software.on disk; order code ESS 1591 


* required for optional /O ports and automat- 
ic brightness control. 
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tivity) potentiometer on the digitizer must be 
determined empirically. The grey scale in 
the standard TV test chart may come in 
handy here, and will result ina good calibra- 
tion. When the automatic brightness control 
is used (with the PCF8591), the adjustment is 
made with [2 rather than Pi (which is then 
not used). After adjusting P2, the software is 
used as a ‘fine’ control to set the optimum 
brightness. 


The control software: 
powerful and flexible 


The control software for the video digitizer is 
supplied on an Archimedes-format 32-inch 
diskette, which contains a number of utilities 
that support the interface. 

To begin with, we have !VideoDigi, a 
complex piece of multi-tasking software that 
arranges the digitizing of the video signals 
and their subsequent processing and storing 


Table 2: Podule address functions 
Address 0: read only 

bits 0-7: podule ident 
readonly 

bits 0-7: digitized video 
information 

bits 8-15: status bits of IC3 
bit 8: HSYNC 

bit 9: VSYNC 

bit 10: Odd/even 

bit 11: §.33-ns signal 

bits 12-15: sample counter 
write only 

bits 0-7: start value of 
8-bit counter ic 


write only 
bibO: bistable IC 
able/disa’ le 


Mina: “ie 


vO components accessed via the inter-. ‘ 
nal 17C bus: 


Address 4: 


PCF8574-based 1/0 port: 

1C1§ = 0100 - x00* 

IO16 = 0100°>x01* 

IC¥7 = 0100» x10* 

x= 1 when jumper H js not fas 
x = 0 when jumper H is fitted 


PCF8591 ADC/DAC: 
| 1C18 = 100-1x00" 

Xe 1 when jumper G is not fitted 
ae O'When ~ Gis fitted 


The tevel of the LS) depends on 

whether a read or a write operation fol- 

lows: * = 7 indicatesia read a: 
"= Qrawrite operation, 


Jumpers Gand H may be fitted to avoid 
conflicts with other hardware extensions. 
Jumper G must not be fitted whenthe __ 
automatic brightness control is used. 
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35 
BLACK-AND-WHITE VIDEO DIGITIZER EB 


Size 648x512 

Line skip 

Sensitivity 
gnal 


Grey palette 
Zoom image 

Rotate image 
Mirror inage 


a iii =} Ss) MY Tool ude palette 


HardDise =;8 . -RAM | Save image 


Fig. 4. 


Hormal video signal 


BH) 22 en 


The powerful RiscOS software allows the digitizer to operate in a multi-tasking 


environment. A number of routines are available to enhance the ‘frozen’ samples. 


Aimdhistogran oc 
Aim) Threshold 
Rim) Kinimum (,2%) 
Rind Maximum (.2%) 
Rin) Kean 

Rim) Variance 
Rimdnaxinua c,d : 
AindError; Operation on incompatib at 
Aind)snmaxioun ¢,b,d i 


RAM in el Parallel 


'AIM, 


fa = 
Fig. 5. Linked to 


in memory. It should be noted that the pro- 
gram !VideoDigi works only with the di- 
gitizer podule fitted in the computer. The 
module called !Videodigi. VideoDigi used by 
this application may also be used in your 
own programs, whence the extensive do- 
cumentation file included on the diskette. In 
this doc file you not only find details on the 
operation of the program, but also a dis- 
cussion of the built-in SWI modules. 

The programs !AnimDigi and DigiAnim 


: Jeon Fe El 


the digitizer podule and the associated software turn the 
Archimedes into a near-professional image processing system. 


enable the digitized pictures to be used for 
video animations as used in, for instance, an 
electronic photoshow. 

File standard conversion, file com- 
pression, and file exporting, are achieved 
with the routines !MakeGif, 'MakeTiff and 
FulltoAIM. r 


Reference: 
1. Inter-IC communications”, Elektor Elec- 
tronics September 1990. 


eres 


WOULD YOU BE AN INVENTOR? 


OST of us have misconceptions about 

other people's jobs, particularly ifthose 
jobs, such as those of the scientist, the sur- 
geon, the detective, the inventor, have a cer- 
tain amount of (generally false) ‘glamour’ at- 
tached to them in the popular eye. 

Tam an inventor, It is not for me to say 
that my job is more misunderstood than 
most, but Loften get that impression. The gen- 
eral public has a lot of erroneous ideas in pop- 
ular circulation about inventors and inven- 
lions. 

How and why did I become an inventor? 
The answer is simple; | was just builtthat way. 
Born with the insatiable curiosity of a mon- 
key, I simply Aad to know how a thing worked 
and, having found out, worried and worried 
as to how it could be made to work better. 
That is the nature and background of practi- 
cally all inventors, 

You may be surprised if | say that I do 
not think that there is anybody in the world 
today who enjoys fame or fortune solely by 
reason of being an inventor, or who makes a 
good living out of it. [am writing, of course, 
about rea! inventors and, in order to under- 
stand what a real inventor is, one must first 
understand what is meant by a real inven- 
tion, 

A real invention is quite strictly defined 
by the Law and is the subject of a ‘Patent 
Specification’ in one or more of the world's 
Patent Offices. Unless this is so, the device, 
whatever it may be, has no status as an in- 
vention, and consequently the inventor or 
his representative can obtain no redress for 
‘infringement’. 

Patent Law lays down without ambigu- 
ily what may or may not constitute an in- 
vention, defined legally as a ‘patent’. For 
all practical purposes, the terms *patent’ and 
‘invention’ are synonymous. 

You may not patent a device which is ob- 
viously intended to be used for an improper 
(illegal) purpose. 

There are peculiar restrictions relating to 
the patenting of devices that may be used 
for war purposes. 

You may not patent a ‘fundamental prin- 
ciple’, This is very important and requires 
some explanation. The fact is not so stated 
in patent law, but is inherent in its opera- 
tion. Thus, if you have invented, say, a new 
cooking vessel, you may not describe your 
invention (in the patent specification) as a 
‘vessel for containing and cooking foodstuffs’, 
since this would make every saucepan and 
casserole in the world an infringement of your 
patent! You would be patenting a funda- 
mental principle—that of a hollow container, 

You may not, of course, patent a device 
that has been ‘covered’ by a previous patent 
specification or which has been published 
previously elsewhere. 


by C.C. Whitehead, ACGI, AMIRE 


So much for the ‘mustn'ts’. Now for the 
“musts”. 

Your invention must be novel. That is to 
say that your device must contain some rel- 
evant feature which has not been described 
clsewhere. Thus, your new cooking vessel 
may be described as “a vessel for containing 
and cooking foodstuffs with an automatic self- 
raising cover (or lid)”. The novel part of 
your invention (which also absolves you 
from the charge of secking to patent a fun- 
damental principle) is the ‘automatic self- 
raising lid’. 

Your invention must be practical. You must 
describe exactly how your device is to be made 
or constructed, and how it is intended to 
work, [t must be made clear to the examiner 
at the patent office that your device can be 
made and will work as you have described 
it, otherwise he may refuse to grant the patent. 
This is obviously necessary for two reasons. 
Firstly, a patent to a certain extent consti- 
tutes an official guarantee, and it is undesir- 
able that impractical patents should be foisted 
upon the public. Secondly, if these rules 
were not enforced, the world's patent offi- 
cies would soon be cluttered up with use- 
less patents. 

Patent laws were originally devised ‘for 
the encouragement of invention and the fur- 
therance of trade’. The idea was that an in- 
ventor would be protected, at least for a 
lime, agains those who might steal his ideas 
and rob him of credit and reward for his 
work. This was the intention at the incep- 
tion of Patent Law. 

The real inventor then is the originator of 
a patent or patents. This does not necessar- 
ily mean that he has a knowledge of patent 
law, though most experienced inventors do 
require such knowledge. Modern conditions 
make it almost essential for him to employ 
a Patent Agent, a sort of cross between a lawyer 
and a scientist (mostly lawyer), who is com- 
petent to draft patent specifications and con- 
duct business with the Patent Office. This 
relicves the inventor of a mass of essential 
but routine work that need not concern him 
in detail. Patent agents’ fees may be a seri- 
ous embarrassment to an amateur or ‘free- 
lance’ inventor. 

No invention is ever entirely novel in its 
conception (before you invented your new 
cooking vessel, you were obviously famil- 
iar with such devices, some of which prob- 
ably came very close to your own idea). The 
inventor then endeavours to obtain what in 
patent law jargon is known as ‘knowledge 
of prior art’. This means an extensive search 
and reading of the literature and previously 
published patent specifications (the services 
of the Patent Agent are invaluable here) re- 
lating to the the device in which he is inter- 
ested. 
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It may be that (so far as you are aware) 
the device which you have ‘invented’ is so 
far unknown and of a highly specialized na- 
ture. When you (or your patent agent) start 
digging into “priorart’, you will be astonished 
to find how many previous attempts, more 
or less successful, have been made to produce 
a similar device. That is to say, if you are 
new to the game. If you succeed where the 
others failed, it will probably be because 
you have the advantage of more up-to-date 
materials and techniques. Thus, the German 
Nipkow was the real inventor (in the year 
1880) of our present system of television, 
He understood clearly the principles involved, 
and produced the essential device (the "Nipkow 
disc’), but we had to wait for the ‘electronic’ 
techniques of the 20th century before the 
system as a whole could become a practical 
proposition, That led in its turn to the out- 
moding of the “Nipkow disc’, 

Having made himself familiar with ‘prior 
art’ and thereby (let us hope) assured him- 
self that Ais invention has novel features, 
the inventor must make a ‘model’ or ‘proto- 
lype’ to prove that in practice the thing does 
really work just as he intended, and so that 
he can describe accurately in his patent spec- 
ification exactly how it iy made and how it 
does succeed in doing what he claims that it 
will do. 

With the size and complication of mod- 
ern devices, all of this naturally costs a lot 
of money. The successful birth of even a 
simple invention may set the inventor back 
£100 or so. If he is a ‘free-lance’ inventor, 
and he wishes to get credit and money for 
his invention, this is the point where his 
troubles start, after the successful issue of 
his patent! 

Let us assume that he has or has acquired 
manufacturing facilities for his invention. If 
it is acommercial success, there will be im- 
itators, almost certainly infringing his patent, 
some of them unknowingly perhaps, others 
deliberately. The onus is upon Aim to fight 
them in the courts. This can be a frightfully 
expensive business, Big business organiza- 
tions have been known to infringe patents 
owned by smaller firms or individuals de- 
liberately and without compunction, secure 
in the knowledge of their ability to ruin the 
patent-owner with the cost of an action for in- 
fringement, and so forcing him to abandon 
the action. The private or small-time inven- 
tor is always and completely at the mercy of 
these people. Remember, the onus lies upon 
him both to discover (not always easy) and 
to fight the infringement. 

Consequently, we seldom hear of a suc- 
cessful small-time or free-lance inventor 
nowadays. 

The inventor of today is generally the 
employee of a business organization, For 
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the free-lance inventor, the risks are too 
great and the rewards (if collected) are too 
small. Yel, invention still goes on, albeit 
mainly in the laboratories of the big indus- 
trial organizations, 

Does the employee-inventor fare any bet- 
ter? Let us look into this. 

Though there are many successful inven- 
lors in industry, there are no “inventors” in 
industry, That is to say, nobody (as far as | 
am aware) is employed in industry as an ‘in- 
yentor’. 

The extent and sophistication of modern 
products and production processes offer an 
astronomically extensive field for inven- 
tion, Employees who are brought into close 
contact with these products and processes 
may frequently sce the need for improve- 
ments, It may be the need and possibility of 
anew product or process, or a small but im- 
portant change in an existing product or 
process. It will depend on the skill, knowl- 
edge and enterprise of'an individual who may 
thereby become an inventor. If he does so, 
what will be his prospects, and what may hap- 
pen to his invention? 

If he is an employee, and certainly if he 
is an employee of an organization of any 
considerable size, there is a certain answer 
to both these questions. If he is a scientist, 
technician or any person holding a position 
that enables him to exercise judgement in 
his employment, he will have been required 
as a condition of his employment to sign a 
legally valid document binding him to as- 
sign gay invention that he may make whilst 
in that employment, to his employer, and to 
waive all rights to benefit from the inven- 
tion or inventions. He will be required to do 
all the work that is necessary (apart from 
the routine work of the patent agent) to se- 
cure valid “Letters Patent’, apart from his nor- 
mal routine. Furthermore, when he leaves that 
emplyment, he may be called upon to make 
an assignment of *his’ patentto associate com- 
panies (usually abroad) of his former em- 
ployers. This may be months, or even years, 
after leaving that employment, and he can 
claim no recompense for the trouble and in- 
convenience, except in some cases for out- 
of-pocket expenses. 

It would seem that this practice started with 
government organizations concerned with 
patents in relation to armaments, where it was 
deemed necessary in the interest of national 
security to have the maximum possible hold 
on the inventor, after which it spread to in- 
dustry in general. 

Some employers do not trouble to make 
the employee sign the document | have men- 
tioned. Can the employee then claim bene- 
fit from his invention. Not at all. Unless his 
employer is unusually generous and has 
made some legal provision to that end, he (the 
inventor) will be compelled (if he is foolish 
and ignorant cnough to do so) to go to law 
to claim what he considers to be his ‘rights’. 
He will be involved in expense which he 
can not afford, and will lose his case—and 
his reputation among employers who might 
have use of his services. He will lose his 
case because the Court will be bound to de- 
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cide that (if it decides to hear the case at all) 
it is an established principle that employees’ 
inventions belong to the employer. 

Is there any other possible benefit to the 
inventor? 

There is. The employer may, out of grat- 
itude or the expectation of further inventions, 
give him an increase in salary, or promo- 
uion, but this is unusual. Owing to pressure 
over many years by organizations sccking 
to act in the interests of the inventor, a slight 
extra benefit has been gained for him. It was 
until a few years ago the practice of em- 
ployers to have the name of the inventor 
omitted from the Patent Specification, so that 
he did not even receive the benefit (for what 
it might be worth) of official acknowledg- 
ment of his invention. This has been amended, 
and the inventor's name mus? now appear in 
the specification. This may sometimes im- 
prove his prospects of further employment. 

There is another somewhat unsavoury 
practice among employers that may affect the 
inventor. Patent law requires that “the name 
of the first and true inventor’ should appear 
in the prologue of the patent specification. 
Since the specification 1s drawn up on be- 
half the employer, and the inventor is under 
his control as an employee, what is to pre- 
vent him putting a name other than that of 
the first and true inventor in the specifica- 
tion? The answer is usually that, owing to 
his intimate and detailed knowledge of his in- 
vention, the inventor's co-operation is nec- 
essary in developing the invention and draw- 
ing up the specification. However, if the in- 
vention Is of any great importance, the em- 
ployer will often include in the specifica- 
tion the names (as ‘co-inventors’) of other 
people who have had little or nothing to do 
with the invention, These are usually the names 
of the inventor's superiors in the firm! hier- 
archy, which appear on the specification in 
precedence to his own. When I look at a 
patent specification containing a list of co- 
inventors, | assume (unless I happen to know 
the people concerned) that the /ast name to 
appear on the list is that of the ‘true and first 
inventor’. Of course, co-inventors do exist, 
and some specifications are honest in this 
respect. 

So much for the prognosis as far as the 
inventor is concerned. What about his in- 
venuion? [ have indicated what may ensue 
as far as the private inventor (who is not an 
employce) is concerned. Let's see how the 
employed inventor gets on with ‘his’ inven- 
tion. Unless the firm that employs him has a 
member of the technical staff specifically 
assigned to this task, he will have to draw 
upa ‘provisional specification’, minutely de- 
scribing his invention. In any case, he will 
have to assist in this task. That's where his 
co-operation is essential. 

The work involved in drawing up the’ pro- 
visional specification” will be in addition to 
his other duties for his employer. [f his em- 
ployer is one of the less scrupulous kind, he 
may be put under pressure to allow somebody 
else's name to appear as a ‘co-inventor’, 
even thought the person in question (gener- 
ally the head of the department in which the 
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inventor is employed} may have had little 
or nothing to do with the invention. To be 
fair to employers in general, | don't think 
that outright substitution of the inventor's 
name occurs very often, but the adding of *co- 
inventors’ is quite a common practice— 
though as I have said earlier, genuine co-in- 
ventors do sometimes cxist. 

If the real inventor is faced with this prob- 
lem, there is nothing he can do about it, other 
than to resign his job, and even that doesn't 
get him off the hook if the invention is of 
any great importance. If his erstwhile em- 
ployer thinks that it is economically worth- 
while, he can without much trouble or ex- 
pense compel his former employee by law 
to complete the job. There is a somewhat 
Gilbertian situation here when there is a lack 
of trust between the parties, The real inven- 
tor may so arrange things that essential in- 
formation is withheld, or even false infor- 
mation substituted, and then having resigned 
his post go abroad, so that the employer has 
to ‘start from scratch’, perhaps hampered 
by false information, if he wants to pursue the 
invention. Since it is not a criminal offence 
on the part of the inventor, and false infor- 
mation can be passed off as *mistakes’, there 
is no extradition. But it must be rare for an 
inventor to be prepared or able to go to such 
lengths, though such cases are known, 

Having drawn up his ‘provisional spec- 
ification’ (according to strict rules laid down 
by the Patent Office), the inventor sends it 
to his employer's patent agent (who might 
be another employce or private agent under 
contract) who then searches Patent Office files 
for any information that may be relevant to 
the proposed patent. The result may often 
be that there is a crop of ‘citations’, that is, 
former patents and extracts from such patents 
that may seem to cast doubt on the validity 
of the proposed patent. It may so happen 
that somebody else has already filed a spec- 
ification or published an article or ‘paper’ 
in a technical journal, covering the idea, 
(though this is unlikely ifthe inventor knows 
his job), in which case the invention will have 
to be abandoned. 

The patent agent will have been compe- 
tent to deal with many of the ‘citations’, but 
some may be referred back to the inventor, 
who will then have to show that they are not 
really relevant. or, if they are relevant, he 
will have to modify his specification in order 
to ‘dodge’ their implications. Meanwhile, 
time will be passing, and somebody else 
(perhaps in some other part of the world) may 
also be working on the idea. Everything then 
depends on the date when the inventor fi- 
nally satisfies the patent office that his in- 
vention is valid and the final specification is 
accepted. It may still happen that somebody 
else (generally abroad) has filed a similar 
specification in which case there will be an 
expensive brawl between lawyers to decide 
which specification was filed first. and thus 
ousts the other. The inventor as an employee 
will not be involved in this, nor in any sub- 
sequent actions for ‘infringement’. But the 
only reward that he can expect for his work 
is to see his name on the final specification. 
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GENERAL INTEREST 


Having filed the final specification, the in- 
ventor will often be required to make ‘as- 
signments’ on behalf of his employer, if the 
invention is at all important. There is a big 
‘trade’ in these inventions, firms selling or 
‘swapping’ specifications with other firms. 
usually associates or subsidiaries abroad. 
Patent Law has laid down that in such cases 
the ‘assent’ of the inventor must be obtained 
by signature on an ‘assignment’ form to 
carry out the transaction. Only in the case of 
assignments to the USA does the inventor 
receive a ‘fee’ for his signature: one dollar! 

There has been some grumbling amongst 
employers about this. It not infrequently 
happens that the inventor has left his em- 
ployment, and has to be found to make the 
assignment, which has to be made before a 
Notary Public under oath. In some other 
countries—notably the US A—the employer 
can dodge this difficulty. | sometimes won- 
derhow many assignments have been forged. 
One firm | worked for chased me for as- 
signments up to two years after I had left 
theiremployment! My relations with that firm 
were such that [ would have dearly loved to 
have refused—but that is impossible under 
current law, 

Such is the life of an inventor. As a pri- 
vale inventor he is at the mercy of anybody 
with more money, As an employee-inven- 
tor, he exists only in name, whatever the im- 
portance of his inventions. The employer is 
under no legal obligation to make other than 
ex gratia payments, and only if these are writ- 
ten into the inventor's contract of employ- 
ment. Organizations claimed to be acting on 
behalf of inventors have struggled for years 
to obtain a better deal, but so far without 
success. Almost invariably, the inventor's only 
reward is the strictly private sense of achieve- 
ment, which is unsubstantial, 

To Karl Marx is attributed the aphorism 


(profoundly true) that ‘nothing is under- 
standable apart from its history’. Long ago 
in pre-patent days, the ease with which an 
inventor could be robbed of all benefit and 
credit for his invention(s) gave rise to the 
(illusory) fear that inventors, realizing the sit- 
uation, would become an extinct breed. Some 
sort of protection seemed to be called for. 
Hence the Patent Laws (in the UK). Perhaps 
in early days these laws did give some mea- 
sure of protection to the inventor, but that soon 
came to be illusory. Patent laws give protec- 
tion only to the owner of the patent, who nowa- 
days is seldom the inventor. 

Taking the ethical point of view, it would 
seem that the private inventor is entitled to 
the full fruits of his invention(s). There seems 
to be no valid argument to the contrary. It is 
when the inventor is an employee that the 
issues become controversial. The employer 
points out (quite rightly) that he has facili- 
tated his employee's invention, and is there- 
fore entitled to at least a share of the bene- 
fit—but 99.9% Those who are advocates for 
the inventor point out that the invention 
could not have come about but for the em- 
ployee's jnasighs. It is this insight that is the 
real stock-in-trade of the inventor, and is an 
essentially personal attribute, To which the 
employer replies that it is merely an exer- 
cise of initiative—for which the employee 
is paid. 

The issue is further complicated by the fact 
that the employee may also be (and not in- 
frequently is) a private inventor. The spe- 
cific issue that arises here 1s whether in view 
of his contract of employment (actual or im- 
plied) he can function as a private inventor. 
It would seem that he can do so only ina 
specific case, where his employer has no in- 
terest in the invention, and has given well 
attested permission for him to proceed. If 
the invention is of any commercial value, such 


permission is not likely to be given, The 
employee might argue that the invention 
was not developed in his employers’ time or 
with the use of any of his employers’ facili- 
ties and was not in any way technically re- 
lated to his employers’ business. 

There are two possible attitudes which 
the law might take in this case. It might take 
the view that a// inventions of the employee, 
irespective of circumstances, are the prep- 
erty of the employer. Or it might take the view 
that ifthe circumstances were such as the em- 
ployee claims, that he was entitled to proceed. 
but fe would have to prove such circum- 
stances to the satisfaction of the court. This 
could be a lengthy. harrowing and expen- 
sive business. In the mean time, the em- 
ployee, in view of his dispute in the matter 
with his employer, would have lost his em- 
ployment! 

Suppose now that, being unemployed, you 
decide to become ‘self-employed’ as a free- 
lance inventor. Your best chances of suc- 
cess will be to make use of the experience you 
have obtained during the course of your em- 
ployment. That would seem to be obvious. 
So you present your patent agent with a pro- 
visional specification (a preliminary draft) 
which you have drawn up. He will naturally 
want to know what qualifications you have 
in that particular line, and you tell him that 
in the course of your previous employment 
you became familiar with the subject. He will 
then warn you that if any of the subject mat- 
ter or ‘claims’ in the specification bear any 
relation to the business of your former em- 
ployer, he may involve you in (probably 
successful) liigation to obtain ownership of 
the patent. 

Heads I lose, tails you win! But inven- 
tion, like some other forms of occupation 
can be intellectually attractive and some 
find that reward sufficient. (910085) 


LONG-PERIOD MAINS TIMERS 


oe earn Type SAB0529 IC may be pro- 
grammed for periods from 1 second to 
31 hours 30 minutes. It may be used for 
switching staircase lights, battery chargers, 
and many others. 

The chip is programmed via pins EI 
with the aid of switches S;-Sy. When 5; is 
closed, the IC is enabled for a period of 
1h; Ss: 4h; S3: 10 h; and Sy: 16 h. All sorts 
of combination are also possible: for in- 
stance, if both So and S3 are closed, and 
the other two switches are open, the chip 
is enabled for a period of 14h. 

The IC controls a 4-A triac, which can 
switch fairly large loads. The timer is started 
withSs;inan emergency, it may be stopped 
prematurely with S¢. 

Great care should be given to the con- 
struction, since dangerous mains voltage 
is present at several points in the circuit. 


(R. Kambach 914062) 
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REMOTE TEMPERATURE MODULE FOR DIGITAL MULTIMETERS 


ATIONAL Semiconductor's 
LM334Z is a temperature- 
dependent adjustable current 
source supplied ina plastic TO- 
92 package. In Fig. 1, a 226 Q 
resistor, Rj, is used to set a cur- 
rent gradient of 1 LA K-1, 

The remote temperature sen- 
sor is formed by [Cj, Ry and C). 
Since its output is a tempera- 
ture-dependent current, a sim- 
ple two-wire connection may be 
used between the sensor and the 
DVM interface. Constant cur- 
rent drive as applied here elim- 
inates problems with voltage 
drop and expensive low-loss 
wiring associated with voltage 
drive. Also, remember that the 
voltage drop across a relatively 
long cable is temperature de- 
pendent, which calls fora fairly 
complex compensation circuit. 
By contrast, when the sensor is 
a constant current source, the 
length and the total resistance 
of the wire between it and the 
interface at the DVM side has 
virtually no effect on the output 
signal. This obviates a com- 
pensation circuit, and allows you 
to fit the sensor at quite some 
distance (up to 25 m = 80 ft) 
from the DVM using inexpen- 
sive wiring. 


-spstiadadthe 


C4 = 22 pF, 16 V, uaa 

C5 2100 NR es 

* SMA = surface mount 
assembly 


Semiconductors: 
IC1 = LM334Z 
C2 = REF-02 


Miscellaneous: __ 
$1, $2 = on/off switch. 
$3 = DPDT switch ue 
9-V battery with clip a 
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LM334Z 


i 


R1...R4 = 1% 


P1,P2 = multitum 


914011-11 


Components P; and R con- 
vert the current supplied by the 
sensor into a voltage witha gra- 
dient of 10mV K-1. Capacitor Cy 
suppresses high-frequency in- 
terference which may be picked 
up on the cable 

To prevent problems with 
ground levels, the current source 
must be powered by a separate 
9-V battery as shown in the di- 
agram. To allow temperature 
readings in degrees Celsius (°C), 
anadjustable high-stability volt- 
age regulator Type REF- 02 from 
Precision Monolithics Inc. is used 
to subtract a fixed amount of 
2731.5 mV from the converter 
output voltage. This is achieved 
by ‘Tifting’ the converter ground 
by 2731.5 mV (the REF-02 out- 
put v oltage) when switch $5 is 
opened. When $3 is closed, the 
converter produces a tempera- 
ture reading in kelvin. 

The circuit is switched on 
and off by S;. A quick battery 
condition check is available by 
switching $3, to position ‘a’, 
and $3, to position ‘d’. Replace 
the battery if the DVM indi- 
cates less than 7.1 V. 

Calibration of the converter 
is fairly simple. First, adjust mul- 
titurn preset P> until a voltage 
of 2731.5 mV is obtained across 
R4 (open S2). Next, adjust the 
temperature gradient (preset 
P,)by comparing the DVM read- 
ing to that produced by a cali- 
brated thermometer. Set the DVM 
to the 2 V range for degrees cel- 
sius readings. An indication of, 
say, 0.217 V (on a 31/3 digit in- 
strument) then corresponds to 
a measured temperature of 
21.7 °C, Properly adjusted, the 
temperature sensor achieves a 
resolution of 0.1 kelvin. Finally, 
the current drainis about2mA, 

|}. Ruffell 914011] 


SOLID-STATE LIGHT-SENSITIVE SWITCH 


HIS electronic switch is de- 

signed to be connected di- 
rect to the mains, which obvi- 
ates a low-voltage supply and 
so keeps the cost and space re- 
quirement to a minimum. The 
circuitswitches alampon when 
it gets dark, and off again when 
it gets light. The switching is 
done without a relay, avoiding 
problems with sparks and mains 
pollution caused by the con- 
tacts and the coil inductance. 

The switch is powered by 
the mains via Rig, ore Ds, D> 
and C3. A voltage reference, Dy, 
supplies 8.2 V to a light mea- 
suring network, Ro-P;. As the 
light intensity drops, the resis- 
tance of the LDR (light-depen- 
dentresistor), Ro, increases. Conse- 
quently, the voltage across [ 
drops, so that the gate-source 
voltage of FET T; drops also. 
When switch 5; is closed, time 
constant R3-C» causes the gate 
voltage of T; to change more 
slowly than the resistance of Ro. 
This is necessary to prevent the 
circuit responding to quick 
changes in the ambient light in- 
tensity. 
Components T), Tz, Ry, Rs, Re, 
and Rg form a Schmitt trigger. 
Normally, T; conducts so that 
T2 is off. When the gate volt- 
age of the FET drops below a 
certain level, T; is switched on. 
Consequently, T3 starts to con- 


1N4001 


TIC226M 


duct, and supplies the gate cur- 
rent necessary to trigger triac 
Tri. The load, lamp Lay, is then 
switched on, When the light in- 
tensity increases above the level 
set with P), T, is switched on, 
so that the load is switched off. 

Switch 5; is included to dis- 
able the time constant during 


BC557B 


adjustment. Resistor Ry serves 
to discharge Cy after the circuit 
has been disconnected from the 
mains. 


WARNING . Since the circuit car- 
ries dangerous voltages at anum- 
ber of points, it is essential that 


TIC226M 


914010 - 11 


proper electrical insulation is 
applied. Never work onthe cir- 
cuitwhen the mainsis connected 
to it: Make sure that no-part of 
thecircuit can be touched when 
itis being set, adjusted or used. 


(L. Rikard 914010) 


1-MBIT ADAPTER FOR EPROM PROGRAMMER 


HE ADAPTER allows you 

to program the 27C1001 
EPROM which has a capacity of 
1 bit organised as 128 Kbyte x8. 
To be able to use the present 
adapter, your EPROM pro- 
grammer must be capable of 
programming 512 Kbit EPROMs 
such as the 27512 or 27C312 
(64 Kbytex8). The adapter pro- 
grams the 27C1001 in two steps 
of 64 Kbyte each, and is simply 
plugged into the 28-way (or 40- 
way) ZIFsocket on your EPROM 
programmer. The 64 Kbyte block 
selection is effected manually 
with the aid of a switch. 
The circuit of the adapter has 
few surprises. Socket 1 connects 
the adapter to the EPROM pro- 
grammer, while socket2 accepts 
the 27C1001. The PGM input 


TIE 


il 


000000 
Socket2 


! 
< 


90000000000000 
Socket1 


060000000000000000000 


00000000000000 
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PARTS LIST 


Resistors: 
RI=10Q9. 

R22: 10kQ> 

R3 = 100.2 

RS = 100kQ ; 


Capacitors: 
Cl, C2 =:100 nF 
C3.= bur 


Semiconductors: 
D1-= zener, 5.6 V, 400 mW 
D2 = BAT85 

D3'= IN4148 

D4 = zener, 8.2. V, 400 mW 
DS = LED, 3:mm 

1C1 = 74HCTOO 


Miscellaneous: 

S1 = self-locking push-button 
with integral LED,ITW Type 
61-2030401 

2 off 14-way strips of PCB pins 
(long pins at one side) 

32-way or 40-way ZIF socket 


of the 27C1001 is actuated (.e., 
made logic low) when the pro- 
gramming voltage, Vpp, on 
socket 1 exceeds the zener volt- 
age of Dy, and CS on socket 1 
is held low by the programmer. 
The zener diode also enable the 
programming voltage, 12.5_V, 
to pull the OE terminal of the 
27C1001 high, which allows the 
device to be programmed. The 
Vpp input of the 27C1001 is held 
either at +5 V (during read op- 
erations) or atabout +12 V (dur- 
ing eet: To ensure 
that the 27C1001 is supplied 
witha vrbeleatly high operat- 


1N4148 


o3 


ing voltage (nominally 5 V), a 
Schottky diode type BATS5 is 
used in position D3. This diode 
is marked by a forward drop 
of 0.2 V only. 

Switch 5S; takes the highest ad- 
dress input, A16, of the 27C1001 
low or high to effect the selec- 
tion between the lowerand higher 


Ph green 


4x1N4001 
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IC1 = 74HCTOO 


64 Kbyte block in the device 
(A16 = low, and Al6 = high, re- 
spectively). Diode Ds lights when 
the lower block is addressed. 

The construction of the adapter 
is apparent from the PCB lay- 
out. Start by fitting the single 
wire link on the board. Socket 1 
is fitted at the track side of the 
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board, and consists of two 14- 
pin PCB pin headers. Switch S; 
is a self-locking push-button 
from ITW with a built-in LED 
indicator. The PCB accommo- 
dates both 28-way and 40-way 
ZIF sockets. 


(G. Rubel 914035) 


BATTERY CHARGER 


HE BATTERY charger shown 

in the diagram may be used 
to charge a battery or batteries 
with a total nominal voltage of 
12 V (that is, ten NiCd batter- 
ies or six 2-V lead-acid batter- 
ies. Itis small enough to be built 
intoa mains adapter case. Misuse 
is virtually impossible: batter- 
ies connected with wrong po- 
larity, a short-circuit of the out- 
put terminals, ora mains failure 
have noeffect on either the charger 
or the batteries. 

Power is derived from the 
mains viaa transformer with an 
18-V secondary. The output of 
the transformer is rectified by 


diodes Dj-Dy and smoothed by 
C), whereupon a direct voltage 
of 22 V is available across Cj. 

Completely discharged bat- 
teries are first charged by a cur- 
rent of some 6 mA via R2-D: 
and Ry-Rg-Dg. Once the battery 
to be charged has an e.m.f. of 
0.3-0.5 V, the base-emitter volt- 
age of T; becomes high enough 
to switch the transistor on. 
Charging indicator D, then lights 
and T> is also switched on. A 
charging currentofsome60 mA 
then flows via Rs-R,. This means 
that 500 mAh NiCd batteries 
will be charged in about twelve 
hours. 


If the battery is connected 
with wrong polarity or the charg- 
ing terminals are short-circuited, 


power transistor Tz remains off 
and the charging current cannot 
become higher than 6-12 mA. 


The current drawn by the 
circuit in full operation is about 
80 mA. 


(H. Dopfner 914004) 


PRECISION RECTIFIER FOR DIGITAL VOLTMETERS 


HIS SIMPLE circuit, based 
on a single opamp in non- 
inverting mode, is a precision 
rectifier extension for digital 
voltmeters. The circuit can be 
connected toa high-impedance 
voltage divider without the need 
of an additional buffer stage 
thatincreases the costand, more 
importantly, the power con- 
sumption. Another advantage 
of this circuit is that the accu- 
racy is not affected by the off- 
set voltage of the opamp. The 
output of the rectifier is differ- 
ential toallow ready connection 
to the IN-LO and IN-HI inputs 
of DVM ICs like the familiar 
7106 and similar types. 
CircuitIC) isa LinCMOS op- 
erational amplifier operating in 
the high-bias mode. The TLC271 
used here achieves a good high 
frequency tesponse ata low cur- 


rentconsumption of about 1 mA. 
For all practical purposes, the 
gain of the opamp ts 2Rj/Ro, 
where Ry=R3 and Ro=Ry. With 
the values shown, the gain is 
nearly equal to 1.1107, which 
is the r.m.s. (root-mean-square) 
shape factor for sinusoidal wave- 
forms. Capacitors C; and C; 
are optional. They improve the 
response and stability of the 
rectifier at high frequencies. 

Any d.c. component at the 
input, as well as the off-set volt- 
age of IC), appears as a com- 
mon-mode voltage across C3 
and Cy, and is therefore rejected. 
The low-frequency response of 
the rectifieris determined by the 
time constant RsC3 (or RyC4). 
With the component values 
shown, the 1%-accuracy band- 
width extends from 25 Hz to 
about 20 kHz. 


The circuit is powered by 
the9-V battery used for the DV M 
module. The g ground of the rec- 
tifier is connected to the COM 
terminal of the module, which 
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is at a potential of about 2.8 V 
below the positive supply. The 
DVM should be set to a full- 
scale input voltage of 200 mV. 

(R. Shankar 914060) 


PULSE GENERATOR WITH ONE 4066 


HE DIAGRAM shows how 

the inexpensive and widely 
available 4066 quad bilateral 
analogue switch can be used to 
build a pulse generator with 
adjustable ‘high’ and ‘low’ times 
of the output waveform. 

Assuming that switch IC), is 
open, the control input of ICy, 
is logic high, and this switch is 
therefore closed. This results 
in low levels at the control in- 
puts of IC)and ICyq. Capaci tor 
C) is allowed to charge via pre- 
set P;,and C3 via preset P>. When 
the voltage across C> reaches a 
certain level, ICj, is closed so 
that the control input of ICjp is 
pulled low. The outputs of the 
circuit, OUT! and OUT2, are 
then logic high. OUT] hasaswing 
of 5 V, and OUT2 a swing vir- 
tually equal to the supply volt- 
age (max. 15 V). Meanwhile, 
switch IC), is closed, so that C» 
is discharged. Switch IC), is 
opened, and C3 is charged via 
P3. When the voltage across C3 
has reached a certain level, [Cy 


78L05 [IC2 
q 


P41: 136...3750ps 


10 


ICid 
12 


is closed, and the outputs of the 
circuit change to logic low, 
The‘low’ and ‘high’ times of 


C41 
1100p ar 
16V 16 


8...15V/8mMA 


com 


sme) me mi Op 


BC547B 


R6 


IC1 = 4066 


the output waveform are ad- 
justed with P; and P2 respec- 
tively. With the given compo- 


ow 


(0) 
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nent values, the ‘low’ time can 
beset between 136 us and 3.75 ms, 
and the ‘high’ time between 15 ts 
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and 330 us. Other on and off 


times can be created by chang- 
ing C> and C3. 


HE TESTER in the diagram 

can be used to test virtually 
any kind of semiconductor de- 
vice, ranging from switching 
diodes to power transistors, In 
addition, it provides a rough 
gain indication of bipolar tran- 
sistors, and, more generally, can 
be a useful aid in finding func- 
tional, short-circuited and in- 


The circuit draws a current 
of about 8 mA ata supply volt- 
age of 10 V. Note that OUT1 


producesa less than perfect wave- 
form, and has a low fan-out. 
The other output, OUT2, is 


SEMICONDUCTOR TESTER 


ternally open devices in semi- 
conductor batches. 

The tester is based on a sin- 
gle CMOS IC and a bi-colour 
LEDasa visual indication. Gate 
IC), forms an R-C oscillator. 
The oscillator signal is buffered 
and made available in true and 
inverted form by the three re- 
maining gates in the IC. 


914081-11 


The bi-colour (red / green) LED 
indicates the direction of the 
current that is allowed to pass 
through the test probes or the 
device under test. Resistor Ry 
functions as a current limiter. 

The signals at the input and 
the output of gate IC), are ap- 
plied to a pair of test probes, a 
two-terminal test socket for 


buffered and should be used 
for most applications. 
(P. Sicherman 914029) 


diodes, and a three-terminal tran- 
sistor socket. The base current 
for the transistor under test (TUT) 
can be set with preset P). The 
preset may be calibrated with 
the aid of known, functional 
transistors to give an approxi- 
mate gain scale. 

Only one LED lights when 
a semiconductor is functional, 
The LED colour then indicates 
the polarity (n-p-n or p-n-p, or 
cathode/ anode). When thecom- 
ponent is internally open, no 
LED lights. A semiconductor 
with an internal short-circuit is 
easily recognized by the green 
and red LEDs lighting simulta- 
neously atabout equal intensity. 
Transistors must be connected 
with the base, collector and emit- 
ter pins to the indicated socket 
terminals, so check the pinout 
before running the test! 

The circuit may also be used 
as a simple continuity tester. It 
drawsacurrentofabout 300UA 
withouta DUT or TUT connected, 
and about7.5 mA with the probes 
short-circuited. 

(Amrit Bir Tirwana 914081) 


VIDEO ENHANCEMENT FOR ACORN ARCHIMEDES 


HE ACORN Archimdes, 
well-known for its speed and 
good graphics facilities, has a 


video interface that allows pro- 
grammers to design a variety 
of screen modes with the aid 


1/4 1C1 
5 
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ofa programmable controller. As 
so often, this versatility has a 
draw-back: since the controller 
usesa fixed clock of 24 MHz, the 
frame frequency decreases the 
more pixels are used in the screen 
image. As a result, high-resolu- 
tion screen modes have a ten- 
dency to cause flicker. Fortunately, 


this drawback may be eliminated 
or nearly so by increasing the 
clock to36 MHz; this has already 
been incorporated in the new 
A540 computers. 

All that is necessary to in- 
crease the clock is an integrated 
crystal oscillator and a Type 7400 
IC. To ensure that the circuit in 
the diagram is at all times com- 
patible with the existing soft- 
ware, it may be arranged to be 
switched on (by software) only 
when the screen mode requires 
a higher clock. 

The design allows the cir- 
cuit to be fitted simply to the 
existing connectors in the com- 
puter. The TTL oscillator and 
two small connectors are fitted 
at one side of the board (not 
available ready-made), while 
the other side houses a surface- 


mount version of the 74HCTO0. 

The board itselfis fitted to the 
four pins of PL3 in A300 com- 
puters or PLy in A400 comput- 
ers. 


The connection with theI/O 
line that arranges the switch- 
ing between the two clock fre- 
quencies is made with a short 
length of circuit wire soldered 


to pin 3 of PLjp on the mother 
board. 

The supply for the board is 
obtained by soldering two short 
lengths of circuit wire to the 


supply lines on the back plane 
(the card with the extension con- 
nectors). 


(H. Stenhouse 914051) 


VOLTAGE-CONTROLLED CURRENT SOURCE 


HESOURCE, based ona Type 

TLO84 quadruple opamp, 
is intended to convert an input 
signal of 0-5 V into a current 
of 0-20 mA This type of circuit 
is used, for instance, to trans- 
fermeasurands (quantities being 
measured) over long leads, Since 
the resistance of the leads is 
part of the current loop, it is of 
no consequence and can not af- 
fect the measurement. 


ANY model train enthu- 

siasts find the mechani- 
cal reversing system for trains 
in the HO series from Marklin 
and other manufacturers prim- 
itiveand unreliable. The system 
is based ona.c. motors and ame- 
chanical reversing assembly op- 
erated by a small electromag- 
net. The motor speed is deter- 
mined by the track voltage, which 
can lie between 4. V and about 
16 V. When the knob on the 


Opamp IC, is a straightfor- 
ward input amplifier. Opamp 
ICy, adjusts the direct voltage 
component of the amplified input 
signal: the operating point may 
be shifted with Po. It is, for ex- 
ample, possible to arrange an 
output current of 4 mA for an 
input voltage of 0 V. The out- 
putcurrentrange is then4—-20 mA 

Opamp IC}, and T; convert 
the output of IC), toa signal of 


15 V. This makes it possible for 
IC) 4 and T> to function asa volt- 
age-to-current converter. The 
output current flows to earth via 
load resistance R_. 

/arying the values of Ro and 
P, allows the amplification to 
be altered as required. 

The circuit may also be used 
as a temperature-to-current con- 
verter by making the potential 
divider at the input consist of 


a fixed resistance and one with 
a negative temperature coeffi- 
cient. 

When the requirements are 
exacting, the two zener diodes 
should be temperature com- 
pensated. 


(Dr Elrich Kunz 914013) 


speed controller is turned fully 
anti-clockwise, the a.c. voltage 
on the track is briefly increased 
to 24 V. Ideally, this causes the 
electromagnet in the loco to be 
actuated and overcome the coun- 
terforce of a small spring. In 
practice, this way of changing 
the direction of a model train 
is fraught with difficulties as the 
tension of the spring is a very 
critical factor. Innota few cases, 
the voltage pulse fails to actu- 


) 
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Yoon 'C1= 4013 
IC2 = 4049 


PARTS LIST 


Resistors (all SMAt): 
R1,R9, R10 =:2.2 kQ 
R2,R3=470Q 
R4=4,7kQ 
R45=1kQ 
R6=10kQ 

R7, R8 = 1 MQ 


Capacitors: 

Cl =4.7 uF, 16 V 

C2 = 10 nF, tantalum 

C3 = 100 nF, ceramic 

C4= 100 uF, 6.3 V, tantalum 


Semiconductors: 

IC] = 4013 (SMA) 

IC2 = 4049 (SMA) 

Tl, T2 = BC846B (SMA) 
T3. T4 = BD679 

D1—D4 = 1N4001 

D5 = zener, 24 V, 400 mW 
D6 = 1N4148 

D7 = BAT41 

D8 = zener, 3.9 V, 400 mW 


Miscellaneous: 
PCB 904098 
(for 5 reversing circuits) 


ate the reversing mechanism, 
and instead cause the loco to hurl 
itself at a turnout where it is 
derailed. When the spring is 
too loose, it may happen that a 
loco, running at full speed, re- 
verses suddenly with ‘disas- 
trous’ results. 


904098-11 


Some ten years ago Marklin 
recognized the disadvantages 
of the voltage-operated revers- 
ing system, and came up with 
an electronic alternative in the 
form of a zener diode and two 
transistors. Unfortunately, this 
upgrade proved expensive and 
difficult to fit in existing locos, 
which many modellers would 
be loathe to give up. 

Inall-electronic reversing sys- 
temsdevelopeda few years ago, 
the direction of the loco is ‘stored’ 
inasmall button cell. This is nec- 
essary to prevent the informa- 
tion being lost as there is no 
supply voltage when the loce- 
stands still. The present circuit 
uses a 100 WF tantalum capaci- 
tor to keep the control circuit 
powered forupto8 hours. The 
capacitor, in the author's opin- 
ion, is more elegant and envi- 
ronmentally safer than the bat- 
tery. The circuit described below 
is based partly on SMA (surface- 
mount assembly} components, 
and is designed to be as eco- 
nomical as possible as regards 
power consumption. 

When the circuit is not actu- 
ated, transistors T; and T> are 
off, and the inputs of IC),a bistable 
Type 4013, are effectively not 
connected. The last direction 
of the locois stored in the bistable. 
When the loco runs, Ds blocks 
and keeps T; off. The 4049 (IC) 
is supplied with about 3.5 V 
via Rs, so that the motor driver 


transistors, T3 and Ty,can be con- 
trolled. Transistor T> conducts 
and supplies IC), with a clock 
pulse. When the track voltage 
rises to 24 V, T is turned on 
and removes the supply voltage 
from IC>. T> is switched off and 
supplies the bistable with an- 
other clock pulse via Dg and 
Ry. The active transistor, T3 or 


ANGLED BUS EXTENSION FOR PCS 


HIS8-bit bus extension card 

for IBM PCs and compati- 
bles allows you to connect and 
testinsertion cards without hav- 
ing to open the computer. The 
printed-circuit board shown here 
is angled, and has a 62-way slot 
connector to accept external 
boards. 

The pins of the bus connec- 
tor are soldered straight to the 
copper tracks at the edge of the 
board. 

Since the tracks on the ex- 
tension card pass through the 
metal frame at the rear of the PC, 
it is recommended to insulate 
them locally with PVC tape. 
Also, for mechanical stability 


Ty, is changed, and the motor 
changes direction in a reliable 
manner. Since the loco motor 
is powered with d.c. after in- 
stalling the circuit, you may avail 
yourself of the opportunity to 
isolate the loco lights from the 
chassis and fit diodes to cou- 
ple the lighting to the direction 
control. 


PARTS LIST 


K1 = 62-way IBM bus slot 
Gonmepiae iio ieriiisssts 
POR DINQIO irises 


the extension card must be se- 
cured to the frame with the aid 
of a support bracket. 

Finally, take care to fit inser- 
tion cards the right way around 
in the slot connector of the ex- 
tension card. If necessary, put 
the PC on a couple of books to 
create room at the underside. 

(A. Rigby 914030) 


The construction of the circuit 
is illustrated in the photographs. 
The dimensions of the circuit 
board are such that it can take 
the place of the relay, which is 
carefully removed from the loco. 
No part of the circuit may touch 
the metal chassis. 

The points marked ‘B’ and ‘C’ 
on the PCB are connected to the 
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field terminals of the motor, and 
point ‘A’ to the terminal previ- 
ously connected to the slide con- 
tact. The slide contact and the 
loco chassis are connected to 
the bridge rectifier inputs. Finally, 
note that the printed-circuit board 
allows you to build five revers- 
ing, circuits. 

(C. Wolff 904098) 


e | 


FAULT SIGNALLING CIRCUIT 


T1, T2 = BC328 
IC1, IC2 = 4049 
01,..03 = 1N4148 


N THIS somewhat unusual 

digital voltmeter, the mea- 
surand (voltage to be measured) 
is digitized in an analogue-to- 
digital (A-D) converter and then 
displayed in three decimal dig- 
its. The display is not the usual 
seven-segment type, but con- 
sists of three groups of ten LEDs. 
Although this type of display 
isa little unusual, the measured 


LOLA: 


DIGITAL LED 


914017-14 


value can be read without prob- 
lem after only a short familiar- 
ization period: even voltage 
changes can be readily interpreted. 
Note that the meter can only 
be used for measuring direct 
voltages. 

The A-D converter is based 
onaCA3162, which can process 
direct voltage up o 999 mV 
(1 V full-scale deflection—f.s.d.). 


ELEKTOR ELECTRONICS JULY/AUGUST 1991 


HE present circuit was de- 
veloped to make it possible 
for different sensors to be added 
to an existing alarm installa- 
tion. These sensors may be gas 
orsmoke detectors, door switches, 
infra-red detectors, and others. 
In quiescent operation, the 
level at all inputs must be zero. 
When the relevant sensor is ac- 
tuated, pin 3 of IC), is made 
high via Rs. Since this opamp 
inverts, its output, and thus the 
cathode of Dg, is at 0 V. Since 
the anode of Dgis at +12 V, the 
diode lights to indicate an alarm 
condition. 

Across both D3 and D3 a po- 
tential drop of about 1.2 V then 
occursand this results in T; being 
switched on and T> being 
switched off. Relay Re) is then 
deenergized and opens the con- 
tact via which the alarm instal- 
lation is controlled. Since that 
contact is closed in quiescent op- 
eration, a supply failure is also 
signalled. 

When the cause of the alarm 
has been removed and the in- 
stallation has been reset, all in- 
puts return to zero volts, T is 
switched off, T2 is switched on, 
and the relay is re-energized. 
This condition is indicated by 
the lighting of Ds. Since Ds and 
Ry are in series with the relay 
coil, the load on the relay is then 
slightly less, so that the relay 
drawsa smaller current. Capacitor 
C> ensures that at switch-on Ry 
and Ds are short-circuited, guar- 
anteeing that the relay is ener- 
gized. 

Where the current must be 
kept low, the standard LEDs 
may be replaced by low-cur- 
rent types. The value of the rel- 
evant bias resistors (Rz, Ryg, Ryo) 


VOLTMETER 


The f.s.d. is extended to 10 V 
with the aid of potential divider 
R,-R>-R3. Other ranges are pos- 
sible by altering the values of 
the resistors. 

The measured value is read 
from three bars of LEDs: the 
first one of these, D)-Dj9, shows 
units; the second, D4;-D29 tens; 
and the third, D31-D 3, hundreds.- 

The circuit is nulled with P; 


must then be increased to 8.2 kQ. 

Networks C3-Rs, C4y-Rg, and 
Ci4-Rag, form low-pass filters 
that prevent noise voltages ac- 
tuating the alarm. That is im- 
portant, because the cables be- 
tween sensors and inputs may 
be very long. 

The circuit is protected against 
voltage peaks by zener diodes 
Dg, Dg and Dog. This makes it 
possible for the control voltage 
tobe higher than 12 V,although 
regulations prohibit the use of 
voltages above 42 V. 

Diode D, protects the circuit 
against polarity reversal. 

Capacitor C; decouples the 
supply voltage. 

The current drawn, depen- 
denton the relay, isabout200 mA. 

Type 4050 ICs may be used 
inthe IC; and IC positions, but 
it should be noted that these 
are non-inverting devices, so 
that part of the circuit action is 
then reversed. 

(M. Haas 914017) 


AR A LTE 


when the input is open circuit. 
Zero here means that diodes 
Dy, Dy, and Do, light. Diodes 
Do, Dao, and D9, represent the 
figure 9. 

Next,a known voltage is ap- 
plied to the input and P3 ad- 
justed till the LEDs read the 
correct value. 

Some people may find it help- 
ful to use a different colour for 


eachofthethreegroupsofLEDs. ‘unit LEDs' do not light. fore,advisabletousearegulated light at any one time, the cur- | 
When the input voltage is Note that variations in the — source, for instance, a 9-V PP3 rent drawn by the circuit does | 

too high, the display goes out. supply voltage affect the mea- battery and a Type 7805 regu- not exceed about 30 mA. 

When the input is negative, the surement adversely; itis,there- lator. Since only three LEDs can (A. Matthiesen 914005) 


) BC557B 


f) BC557B 


f) BCS557B 
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PARTS LIST 


ta th, ea 
u 
Resistors: ~ _ 
RI, R2 = 180 kQ a uO q 
ofh3 jo 


R3 = 10kQ 

R4, RS, R6 = 220 Q 

Pl = 50 kQ preset 

P2 = 10 kQ preset : 
7 7 + ~~ ~ ~~ ~. + i ~ Ls] 

Capacitors: OER 42 42 4D Sd GA £D LD ED ED LF 


Cle lnk <2) 05-0 
C2 = 330 nF 


el ozlzizieizleizle(zts 


Semiconductors: 
ICi = CA3162E ORS 


1C2 = 74L8145 lis dhaclas be le bie: 
D1-D10=LED, red @ RR RATATAT GF 
D1l-D20-= LED, yellow oo 
D21-D30 = LED, green 


Miscellaineiion: 
Enclosure 70x 125x48 mm 
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D1, D3, D4 = 1N4004 
IC1 = 4098 = 4528 


WITCHES with change-over 

contacts with traditional de- 
bouncing circuits are notalways 
usable or economical. Keyboard 
switches, for instance, seldom 
have change-over contacts. 
Furthermore, change-over 
switches have one extra con- 
nection, which can not always 


914020-11 


AUTOMATIC CYCLE LIGHTS 


OO PREVENT the dynamo- 

driven lights of your bicyle 
going out when you stop in the 
dark for, say, traffic lights, the 
simple circuit here may offer help. 

The circuit uses four NiCd bat- 
teries with a capacity of between 
0.25 Ah and 1.25 Ah, which are 
constantly charged when the dy- 
namo is driven via Ry and D). 
Since the battery voltage is rather 
less than the dynamo output, the 
lights are dimmed to a small ex- 
tent when the cycle is stopped, but 
in practice that is hardly notice- 
able. 

Monostable IC),, which has a 
mono time of 1s (Rs-C>), is used 
to detect whether the dynamo 
generates a voltage with the aid 
of Ds, Ra and Ry. As long is there 
isa voltage, the monostable holds 
IC jp, also a monostable, in the 
reset state, The relay is not ener- 
gized and the lights are powered 


BOUNCE-FREE SWITCH 


be accommodated in the con- 
struction. 

The small circuit here oper- 
ates with one make contact or 
one break contact. Which one 
does not matter in practice, be- 
cause the Q or Q output may 
be chosen to invert the switch 
action. 


The logic level at the input 
of the circuit is determined by 
pull-up resistor R; and the po- 
sition of S;. The input signal 
goes straight to the data input 
of bistable (US: flip-flop) IC), 
where itis clocked as soonas the 
contact bounce has disappeared 
(after 0.5-10 ms). 


IC1 = 74LS74 
IC2 = 74LS86 
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by the dynamo. 

When the dynamo voltage 
drops, IC;, is no longer triggered 
so that its outputs change level. 
This causes the reset state of ICy), 
to be removed, whereupon its T 
input is actuated and remains so 
for two minutes, during which 
time the relay is energized and the 
cycle lights are powered by the 
batteries. 

Strictly speaking, IC), is not es- 
sential, but it does ensure that 
the lights are switched and that 
the battery can not be discharged 
completely. 

The relay should bea type that 
operates faultlessly when its sup- 
ply voltage reaches 4.8 V. 

It is advisable to build the cir- 
cuit ina watertight, or at least 
waterproof, enclosure, 


(U. Kuny 914020) 


The clock is generated by ICo,, 
an XOR gate. Every time its input 
level alters, this gate generates 
a pulse, whose width is deter- 
mined by Ry and C;. That pulse 
is, however, not devoid of con- 
tact bounce, whichis, therefore, 
filtered out by C> and the out- 
put resistance of ICz,. The po- 
tential across Cs is smoothed and 
inverted by [C>,, before the pulse 
is applied to the clock input of 
the bistable. The result of all 
this is that the output signal is 
clean, albeit delayed by a few 
milliseconds. 

Since the bounce filter uses 
the output resistance of [C5,, this 
circuit can not be replaced by 
just any other type. When re- 
placing is unavoidable, the value 
of C> must be adapted to the 
new circumstances, ora resistor 
connected in series with the out- 
put of IC5,. 

The current drain of the cir- 
cuit is 3mA. 


(S. Jeukendrup 914022). 


CHANGE-OVER SWITCH FOR C64 CONTROL PORT 


ANY PEOPLE still use the 

old Co4 computer to play 
games on, but get frequently 
annoyed by the constant need 
of changing over the joystick 
connectors. This is because nor- 
mally only one joystick is avail- 
able, while some games are con- 
trolled via port 1 and others via 
port 2. 

The cause of the annoyance 
may be removed by the circuit 
shown here, which uses eight 
analogue switches packaged in 
two Type 4066 ICs. Switch S, 
enables pins JOYO-JOY3 to be 
connected to either port 1 or 
port 2, 

The +5 V supply is derived 
from the C64. 


(A. Rigby 914012) 


WIEN BRIDGE WITH ASYMMETRICAL POWER SUPPLY 


ORMALLY,a Wien bridge 
oscillator contains two iden- 
tical capacitors and two identi- 
cal (variable) resistors. Thatbeing 
the case, the transfer factor of 
the bridge in Fig. 1 is 1:3, For ex- 
ample, when a potential of 1 V 
is applied to the non-inverting 
input of the opamp, the output 
voltage of the amplifier will be 
3V. 
Inmany cases,a smaller trans- 
fer factor is required. With ref- 
erence to Fig. 2, 


Up/Uy = 1/014Rj/RotCo/C)) 


from which it follows that the 
factor becomes smaller if the 


H.0-86 


qe 


mak 


value of R, or C) is increased. 

The frequency is altered when 
the value of both capacitors or 
of both resistors is changed. That 
makes it possible to vary the 
frequency by using, a dual-gang 
potentiometer in place of the two 
resistors. Since the two resis- 
tances are then always identi- 
cal, the ratio U,/ Uy will be 1:12 
when C)=10C). To ensure suf- 
ficient positive feedback for the 
oscillator to start, the amplifi- 
cation of the opamp must be 
>12. With values as shown in 
Fig. 1, the amplification is 


A=1+(R5+P} d/ R3=1 3.8. 


iy 
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914007-12 


914007-11 


TIME DELAY WITH ONE 555 
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914024-11 


ANY electronic circuits fre- 

quently require the brief 
delay of a pulse. Such a delay, 
here between 100 ttsand 100 s, 
is easily provided by a simple 
circuit based on the popular 
555. That is more than adequate 
for most applications. 

The output of the 555 can go 
high only if the potential at pin 
2 drops below a third of the 
level of the supply voltage, pro- 
vided that the level at pin 4 is 
high. In quiescent operation, 
the level at pin 4 is low and C, 


Stability of the output volt- 
age is ensured in the traditional 
manner by twoanti-parallel con- 
nected diodes in the feedback 
loop. Preset P; is adjusted so that 
the sinusoidal output voltage 
is just not clipped by the sup- 
ply voltage. 

The frequency of the output 

signal may be set between 150 Hz 
and 1500 Hz with P9; higher 
frequencies may be obtained 
by altering the values of C; and 
Co. 
_ The supply voltage, which 
must be regulated, may lie be- 
tween9 Vand 12 V. When the 
oscillator is not loaded, it draws 
a current of about 6 mA. 


(J. Ruffell 914007) 
PARTS LIST 


Resistors: 
R1,R2'=1kQ 
R3:=4.7kQ 
R4=10Q 
R5=10kQ 
R6=47Q9 
Pl =47 kQ preset 
P2= 10 kQ, dual-gang 
linear preset 


Capacitors: 

CY 2:33 nF 

C2 = 330:nF 

C3, C5 = 47 pF, 16 V, radial 
C4 = 10 UF, 16 V, radial 

C6 = 47 nF 

C7 = 100 uF, 16 V, radial 


Semiconductors: 
Di, D2 = 1N4148 
IC1 = LM386N-4 


is charged via Tj, so that the 
output is low. 

When the input goes high, T; 
is switched off and C; is dis- 
charged via Rj. In that condi- 
tion, the reset state is cancelled, 
and after a time delay that de- 
pends on the state of discharge 
of C; the output of the 555 goes 
high. The time delay in seconds 
is calculated from T = 0.69R,C, 
where R; must be greater than 
or equal to 10 kQ. 


(S. Bolt 914024) 


SWITCH FOR CENTRAL-HEATING PUMP 


HE PUMP in some central- 

heating systems has two or 
even three speeds. At the low- 
est speed, not much hot water 
is pumped around the circuit 
and this may result in the boiler 
overheating. The switch circuit 
proposed here prevents that hap- 
pening. 

The electrics of the pump are 
as shown in the diagram. The 
main winding 1s normally 175 Q 
and the auxiliary windings 135Q: 
these values may, however, be 
different in certain pumps and 
this should, of course, be checked. 
The capacitor in series with the 
windings provides the neces- 
sary phase shift that enables 
the motor of the pump to ro- 
tate. In positions @ and 6, the 
impedance is increased and this 
results in a weaker field so that 
the motor runs more slowly and 
the pump displaces less water. 

A simple circuit enables the 
automatic switching between 
aand b or between b and c. Its 
24-V input is parallel with the 


drive of the gas valve of the 
main burner. When that valve 
closes, the speed of the pump in- 
creases and the boiler can not 
overheat. 

Ifthe installation uses a 240 V 
drive for the gas valve, a small 
transformer may be used to ob- 
tain the 24 Y. 

Onasafety note, bearin mind 
that the 24 V supply, which reaches 
the thermostats in various rooms, 
is insulated from the mains only 
by the relay. Therefore, that relay 
should be a heavy-duty type 
that provides adequate insula- 
tion 

[K. Walters 914023] 


4x 1N4004 
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KEYBOARD CHANGE-OVER SWITCH 


FYOU havea non-qwerty key- 

board and would like to use 
this with your computer with- 
out having to relearn where the 
deviating keys are, this simple 
circuit will help, It receives two 
keyboards on K> and K3 re- 
spectively and connects these 
via switch S; and connector Ky 
to the computer. Check the key- 
board connections at your com- 
puter, because some PC com- 
patibles have a slightly differ- 
ent pin layout. The connection 
between the circuit and the com- 
puter is via a standard 5-way 
DIN cable; you can, of course, 
make your own cable as shown 
at the bottom of the diagram 
(Ky and Ks). 

Switch 5; isa four-polechange- 
over type, either rotary or tog- 
gle. Since the supply line is 
switched also, the additional 
keyboard does not increase the 
load. The additional LEDs that 
indicate which keyboard is in 
circuit increase the current drain 
by about 10 mA. 

So much for the hardware; 
now for thesoftware. Whatever 


keyboard you connect, the codes 
it generates do not change. 
Advising the computer that a 


this driver is called KEYB??.COM, 
where in place of the question 
marks an abbreviation for the | 


different keyboard layoutis used 
is the task of the keyboard driver. 
In MSDOS versions up to 3.2, 


914016-11 
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relevant country is given. 


Normally, the correct version of 


this program is executed in AU- 
TOEXEC. BAT, after the change- 
over you have to start the pro- 


gram manually. From version 
3.3 onwards, there is the file 
KEYBOARD.SYS (and in some 
old versions), KEYB??.SYS), and 
then you have no choice but to 


restart (alt-ctrl-del) the com- 
puter every time the keyboard 
has been changed withasystem 
disk in drive A on which you 
have stored the relevant data 


in CONFIG.SYS and pass these 
to KEYBOARD.SYS, Alterna- 
tively, you can install the correct 
KEYB??.SYS. 

(J. Ruffell - 914016) 


PRESETTABLE SHUNT REGULATOR 


EPENDING onits location, 

linear voltage regulators 

are arranged traditionally into 

two sub-groups: series and shunt 
(or parallel) regulators. 

In practical circuits, series 

regulators, particularly the pop- 


ular integrated types in the 78xx 
family, are normally used, since 
these give good regulation and 
allow a reasonable output cur- 
rent. 

Nevertheless, good shunt reg- 
ulators are also becoming avail- 


5V/15mA 


| D1 = TL431CLP 


li 


HERE ARE nowadays so 

many different standards 
for buses and networks that it 
was thought useful to present 
an overview of the mostcurrent 
types. Note that each bus needs 
suitable software to transmit 
data. For instance, the well-known 
Ethernetnetwork operates with 
Novell and Lantastic. 

Ethernet and Thin-Ethernet 
buses are intended for use asa 
LAN (Local Area Network) be- 
tween computers a nd com put- 
ers or between computers and 
peripheral equipment like print- 
ers and plotters. 

The Integrated Service 
Terminal (IST) bus is used in 
LANs for offices. It complies 
with the ISDN norm. It is in- 
tended for communication with 
telephones, view phones, com- 
puters, and alarm systems. 

The Domestic Digital Bus 
(D2B) bus is intended for inter- 


914018-11 


able, for example, Texas 
Instruments' Type TL431. The 
commercial version of this, the 
TL431C, offers excellent tem- 
perature stability and very low 
dynamic impedance (see table). 
Although shuntregulators usu- 
ally function in the same way 
as a zener diode, the TL431C 
offers a facility that no zener 
diode does: the zener voltage 
may be set anywhere between 
2.5 V and 36 V with the aid of 
two fixed resistors. To function 


properly, the device needs a cath- 
ode current of not less than 1 mA. 
The voltage across the [C is 
thenU,a¢ = 2.5(1+R2/Rq). If the 
values of Ro and R3 are not too 
high, the current through this 
reference network is negligible 
(<4 LA). 

A possible application of the 
device is thecompact5 V power 
supply shown in the diagram. 


IJ. Ruffell 914018] 


SOME TECHNICAL DATA 


Cathode voltage, Ucat 
Cathode current, Is 


Power dissipation (at 25 °C) 
Dynamic impedance 
Temperature coefficient 


COMMUNICATION BUSES 


connecting audio and video 
equipment. [t is found on most 
up-to-date radio tuners and tele- 
vision receivers. 

The Controller Area Network 
(CAN) bus is intended primar- 


Ethernet 
Thin, 

Ist 
D2B 
CAN 
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name-of --]’ max. length] kind of data type of 
network in metres | information format | connection 


data 
data 
data 
control 
control 
data 
data 
data/ 
control 


ily for use in control system in 
a noisy environment (it is, for 
instance, standard in the new 
Mercedes-Benz S-class of cars). 
It needs only two wires for the 
distribution of power and in- 


] coax cable 


1 coax cable 
2 wires 
3 wires 


2 wires 


235° V~36: V: 

150: mA.(1.mA min) 
775 mW 

0.5 Q (typical 0.2 Q) 
30 ppm K-1 


formation. 

The Futurebus is a new stan- 
dard for parallel processing of 
data within a computer. Path 
widths vary from 32 bits to 256 
bits. A number of processors 

can exchange data at very high 
clock speeds along these paths. 

The Inter IC Sound (125) bus 
is designed for the exchange 
overshortdistances only of dig- 
ital audio (16-bit stereo) between 
ICs in a digital audio system. 
The data are transmitted seri- 
ally. 

The Inter IC (12C) bus is also 
designed for communication 
between ICs. It handles not only 
data, but also commands. In 
contrast to the [2S bus, the I2C 
bus is fairly slow and not suit- 
able for the rapid transmission 
of large quantities of data. 


(A.N.Other 914025) 


MEASURING ELECTROLYTIC CAPACITORS 


OST capacitance meters 

have no facility for mea- 
suring large electrolytic capac- 
itors. The circuit described here 
makes it possible for such ca- 
pacitors to be measured with 
some degree of accuracy, in spite 
of the large tolerances these com- 
ponents normally have. 

Opamp IC), is arranged as 
anastable. Capacitor C) is charged 
via R3; as soon as the potential 
across it reaches the level of 
that at the non-inverting input 
of IC}, which is determined by 
voltage divider Rj-R3-Ry, the 
opamp toggles and Co is dis- 
charged till the voltage across 
it reaches the new level at the 
+ input of ICj,. 

The measuring circuit con- 
sists of switched resistors Rg—Ro, 
and $j, Ry, P} and P3. The ca- 
pacitor on test is charged via 
Ty and discharged rapidly via 
T}. 

Comparator IC), compares 


ELEPHONES are now read- 
ily and cheaply available: 
two identical ones and a hand- 
fulof components enablea sim- 
ple house telephone to beset up. 
Since the two telephones are 
connected in series as shown 
in the diagram, half the supply 
voltage exists across either of 
them. Neither buzzer willsound, 
since the potential across zener 
diodes D, and D3; is below their 
breakdown voltage. 

If, say, the handset of tele- 
phone 2 is lifted, a virtual short 
circuit ensues across this tele- 
phone. The potential across tele- 
phone 1 then rises to almost the 
supply voltage. Breakdown then 
occurs in D,, which causes a 
sharp increase in the reverse 
current through the diode. The 
buzzer will then sound and the 
LED light. If then the handset 
of telephone 1 is lifted, the sup- 
ply voltage is again divided sym- 
metrically across the two tele- 
phones, which is sufficient for 
carrying out a conversation. 

The buzzers may be contin- 
uous-tone or intermittent-tone 
types to personal preference. 
Similarly, the LEDs may be stan- 


the level (0.65 V) at its non-in- 
verting input with that at its 
inverting input. When the ca- 
pacitor on test is connected across 
the input terminals, P> is ad- 
justed till the LED just lights. 
The potentiometer must be given 
a scale to enable the value of 
the electrolytic capacitor to be 
read directly. The scale can be 
calibrated with the aid of a ca- 
pacitor of known value for each 
range (1-4.7 WF; 4.7-47 uF; 
47-470 uF; and 470-4700 uP). 
Basically, it is linear, but it may 
be necessary to make a scale 
for range | empirically. 

To ensure the best possible 
accuracy, it is advisable to use 
a regulated power supply. The 
circuit drawsa current of about 
20 mA (almost all of it through 
the LED). 


(P. Essek 914015) 


wo A70p 
470p ... 4700, 


IC1=LM324 
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HOUSE TELEPHONE 


dard or flashing types. 

The power supply may be a 
standard 12-V mains adapter. 
When the supply voltage is too 
high, the buzzers will sound 
even when both handsets are 
lifted. If dissimilar telephones 
are used, one or both zener diodes 
need to be replaced by differ- 
ent types to ensure that during 
quiescent operation the volt- 
age dropsacross the telephones 
are identical. 


(A. Jodicke 914028) 


14...16V 


% see text 


914028-11 
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HE CIRCUIT presented here 

enables the automatic switch- 
ing on of outside lighting when 
its gets dark and, what's more, 
it does so for a predetermined 
period. A new period can be 
begun only when it has been 
light again. 

The switch is a solid-state 
relay. From the instant that Ty 


DARKNESS-SENSITIVE SWITCH 


and Ts are on, the LED in the 
relay lights and lamp L) is pow- 
ered, As soonas one of the tran- 
sistors switches off, the lamp 
will go out. 

Whether Ts is on depends 
on phototransistor T3. If light 
falls on to this, it is switched 
onand removes the base current 
from Ts. [In other words, Ts can 


be on only when it is dark. 

The base-emitter junction of 
transistor T> is also connected 
in parallel with T3 and it, too, 
will therefore be off when it is 
light. This causes a constant reset 
on IC), allof whose counter out- 
puts are then low. 

As soon as it gets dark, base 
current for Tz is provided by 


$202DS2 
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R; and the transistor switches 
on. The counter can then count 
the pulses of its internal oscil- 
lator, while the lamp remains 
on. When, after a short time, 
output O13 goes high, transis- 
tor Ty switches off. This causes 
the LED in the solid-state relay 
toquenchand the lamp goes out. 
Since at the same time the os- 
cillator is stopped via T,, Q13 
remains high. This state is main- 
tained until it gets light again 
and IC; is reset, whereupon a 
new cycle can be started. 

The period the lamp is on 
may be set to between 1 and 5 
hours with P}. 

No special transformer is 
needed for the power supply, 
which may be derived direct 
from the mains. Diodes D,—Ds 
rectify the mains voltage and the 
result is smoothed by Cy. 
Capacitor Cs operates as a re- 
sistance, and it should, there- 
fore, have a working voltage 
rating of not less than 400 V, 
although 630 V is preferred. 

Note that mains voltage ex- 
ists at several points in the cir- 
cuit: great care should be taken 
to insulate the switch unit ade- 
quately 

(A. Rigby 914031) 


SWITCH-OFF DELAY FOR BATTERY SUPPLY 


FREQUENT annoyance 
with battery-operated equip- 


mentis thatjustafter you switch 
iton you notice that the battery 
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is flat. Quite probably, the last 
user (you?) has forgotten toswitch 
it off. The circuit described here 
makes sure that this will never 
happen again. A touch on the 
button, S1, is sufficient to let 
the equipment work for a pre- 
determined period only. 

An interesting feature of the 
circuit is that its quiescent cur- 
rent is 0.00 mA, because Ty 
switches the timer off completely 
attheend of thecycle. Switching 
onis effected by the energy con- 
tained in the power-on pulse. 
When 5; is pressed, the supply 
voltage is available immediately 
across Co. Because of the dif- 
ferentiating action of Ro-Co, the 
supply voltage is briefly con- 
nected to the V+ input of IC, via 
D,. This energy is sufficient to 
enable the [Cand start the timer, 
whereupon T; is switched on. 
This transistor provides energy 
to the IC for the remainder of 


thecycle. At the end of the cycle, 
Tj is switched off and provides 
no more energy. 

The on-time, t, is determined 
by: 


f = (P1+Ry)C3 seconds. 


The maximum current 
switched by T> must not ex- 
ceed 350 mA. 

The supply voltage may lie 
between 5 Vand 15 V. 

The minimum trigger am- 
plitude is 5 V. 

The switch-off time with com- 
ponent values shown in the di- 
agram is 1-100 seconds. 

The current drawn by the 
circuit during the switching in- 
terval is about 4 mA when the 
supply voltage is 6 V. 


(J. Ruffell 914036) 


AUTOMATIC BATTERY CHARGER 


HE CHARGER described 

switches off the charging 
voltage when the battery reaches 
its full nominal voltage and 
switches it on again when the 
battery voltage drops below a 
predetermined level. 

Part of the battery voltage 
is taken from across potential 
divider R)-R5-R3-Ry and com- 
pared with a reference voltage 
in [Cyp. As long as the battery 
voltageisQ V,onlyasmall volt- 
age drop is caused across Rs by 
the input current of the opamp, 
so that ICs. toggles at 0 V. The 


relay therefore remains de-en- 
ergized. At the same time, the 
output of IC>, is high, but this 
has no effect whatsoever owing 
to AND gate Dy-Ds. 

Whena battery is connected, 
its small remaining voltage en- 
sures that IC, toggles, diodes 
D, and Ds are reverse-biased, 
a reference voltage is applied 
to the non-inverting input of 
IC5q,and the relay is energized. 
The battery is then charged until 
its voltage has reached the nom- 
inal level. Because of potential 
divider R,-R9-R3-Ry, there is a 


voltage of more than 3.45 V at 
the inverting input of IC>,, which 
causes this opamp to toggle so 
that its output becomes low (0), 
the relay is de-energized, and 
the charging voltage is removed 
from the battery. 

The (reference) voltage at the 
output of IC), is set to 3.45 V. 
Potential divider D3-Rg-R7-P} 
provides a certain hysteresis to 
comparator IC3,. When the bat- 
tery voltage drops below the 
level set with P;, IC>, toggles 
again and the charging voltage 
will be reapplied to the battery. 


D1...D5, D7 = 1N4148 
IC2 =LM324 


Calibrationis carried outwith | 
a voltmeter connected to the | 
output of ICo,, after which P; 
should be adjusted for a read- | 
ing of 3.45 V. Next, turn P to 
full resistance. Replace the bat- 
tery by a regulated, variable 
power supply and setits output 
to 6,.2-6.4 V (S; in position 6 V} 
or 12.4-12.8 V (S; in position 
12 V),thatis, the voltage at which , 
charging should commence. | 
Adjust Pj till the relay is ener- 
gized., 


(K. Walters 914019) 
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AUTOPOWER OFF FOR AUDIO EQUIPMENT 


HISLITTLE circuit switches 

off the equipment in your 
audio rack when this has not 
produced sound for some time, 

Thecircuitis actuated by press- 
ing S;, which causes capacitor 
C, to be charged. Next, the out- 
put of opamp IC), goes high, 
and the audio equipment is pow- 
ered from the mains via solid- 
state relay ISO). 

The LINE OUT signal from 


the audio power amplifier is 
fed to the input of the circuit 
via connector Ky. Opamp IC; 
is set up to function as a signal 
detector with a trigger thresh- 
old of about 50 mV. Note that 
the ground potential of the audio 
amplifier is raised to about+4.5 V 
in the auto-power off circuit by 
means of R)-Ro-R3. 

When the audio signal is greater 
than50 mV (i.e,4.05 V withre- 


spect to the circuit ground), the 
output of ICy, goes high, and 
transistor T; starts to conduct. 
Consequently, C; is charged 
rapidly, so that ISO, continues 
toconductand power the equip- 
ment. 

In the absence of an audio 
input signal, C; is discharged 
slowly via Rs and Rg. Opamp 
ICjp toggles, and the equipment 
is switched off via ISO, when 


the capacitor voltage drops below 
the voltage set with P; at the 
inverting input. It should be 
noted that the solid-state relay 
specified here has a maximum 
current rating of 1.5 A. When 
heavier loads are to be switched, 
itis recommended to use a con- 
ventional relay. 

Since the relay outputs and 
the transformer primary are con- 
nected to the mains, great care 
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should be taken to ensure the re- 
quired electrical insulation. For 
reasons of safety, the circuit is 
best fitted in a mains adapter en- 
closure with a moulded mains 
plug. The two mains connec- 
tions in the enclosure must be 
made with properly rated and 


PARTS LIST 


Resistors: 
Rk = 220Q 
R2= 120. kQ 
R3 = -100kQ 
R4=3,3kQ 
R5= 10kQ 


Capacitors: 
Cl = 100 nF 
| C2 = 19 pF 63. V 
C3 = 10 nF 
C4 = 100 UF, 25 V 


Semiconductors: 

DI, -D2,.:D3 = 1N4148 
Tt = BCS550C- 

T2 = BCS60C: 
T3=BD1I40 


Miscellaneous: 
Rel = 12 V relay for PCB 
~ mounting, Z>90 Q, contact 
rating >10.A 


secured screw terminal blocks. 
The output is connected to a 
mains cable with a 4- or 5-way 
distribution board. 

The delay before the equip- 
ment is switched off will de- 
pend on the time needed to 
rewind a tape, change a com- 


pact disc or record, ete. To ad- 
just the delay, connecta 100 kQ 
resistor across R5. This reduces 
the actual delay by a factor of 
about 10. Turn P; fully in the 
direction of Rz, press the START 
button, and wait for the desired 
delay (divided by 10) to elapse, 


N MANY oldercars the wind- 
screen wash pump is not cou- 
pled to the windscreen wipe 


ecorre 
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function. This circuit switches 
on the wiper motor for a pre- 
determined time each time the 


a7 


whereupon P; must be adjusted 
until the output of IC;p goes 
high. Then remove the 100 kQ 
resistor, press START again and 
time the actual delay. If neces- 
sary, re-adjust the preset. 


(T.P. Thomas 914063) 


pump is actuated. The wipers 
start to work when the pump 
switch is pressed, and keep on 
working a while after the switch 
is released. 

The anode of diode Dj is nor- 
mally taken to ground via the 
wash pump motor. When the 
pump is powered, C, charges 
rapidly via D,; and Rj. 
Consequently, T;, T> and T3 are 
switched on,and relay Re; isen- 
ergized.C, ischarged as long as 
the pump motor and the wipers 
operate. When the pump switch 
is released, the washing stops, 
but the wiping continues for a 
time determined by Ro-C>. Diode 
D prevents C> being discharged 
via the pump motor. Diodes Dy 
and D3 protect the circuit against 
back ¢.m.f. from the relay coil. 

Installing the circuit in a car 
should be easy as there are only 
three connecting points (apart 
from the supply voltage). Note, 
though, that the circuit is de- 
signed to work with a pump 


motor that has a fixed contact 
to ground, while its positive 
contact is taken tothe wash switch. 
The relay on the board is ca- 
pable of switching 10-20 A. Its 
contacts are connected across 
the wiper switch via terminals 
‘A’ and ‘B’ by means of heavy- 
duty wiring. The connections to 
the board are made via spade 
terminals and mating sockets as 
used in car electrical systems. 
Thespade terminals are screwed 
direct to the board, and soldered 
to minimize the contact resis- 
tance. Finally, the relay may be 
an Omron Type G2L-113P-45- 
SV ora Bosch Type 0332016 101. 
The omron type fits on the PCB, 

the Bosch type does not. 
(L. Rikard 914009) 


N MANY countries, unlike 

most of the UK, it is still not 
possible to parallel two or more 
telephones easily, The circuit de- 
scribed here may either be con- 
nected in parallel to an exist- 
ing telephone or be used as a 
stand-alone unit, when it will 
energize a relay on receipt of 
anincoming call. The relay may 
be used to operate an optical 
or an aural indicator, or cause 
a trigger pulse to be generated 
thatactuatesaninterface, which 
in turn operates a suitable tele- 
phone. 

The incoming a.c. signal is 
applied to terminalsa and b and 
from there fed to optocoupler 
IC, via C; and R;. The negative 
half-waves are returned via Dj, 
while the positive half-waves 
are returned via the LED in the 
optocoupler. The resulting pul- 
sating d.c. output of the photo- 
transistor in the optocoupler is 
applied to inverter IC3,. This 
(call) signal is smoothed by Do, 
Ry, Co and Rs, and this results 
in a direct voltage at the input 
of ICy, during the pulse spac- 
ing. The consequent low- level, 
short-duration pulses at pin 6 of 
ICy are passed to inverters 
IC5g-ICo_ that serve as relay 
drivers, and whichenergize the 
relay (preferably a high-resis- 
tance type). Diode Dg indicates 
the state of the relay. The cir- 
cuit thus functions as a monos- 


IC2 = 40106 


100, 
BD140 |1N4148| 25y 
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GREENWELD SUMMER SALE LIST 11 


RD HOTLINE: (0703) 236363 FAX: 


Total C icati 
VISTEL | Il == forDeaf People 


% Specification 
@ Dimensions: 34cm = 45cm = 13.7cm 
@ Weight: 4.5kg 
sremien name Ee rT TM MO TT a | @ Full ‘QWERTY’ keyboard plus ‘function’ keys for ease of use 
i @ 40 character screen which displays your messages quickly, 
clearly and quietly 
@ Text editor for preparing recording and storing information. 
@ Memory for up to 9,500 characters 
reac @ Auto-answering capability for receiving calls even when you 
det. dont | i i are not there. 
em LUE ee Bratz I oieke ; : @ Auto-dialling capability for sending messages during cheap 
AL cas i ei Lee ee ee : mie rate telephone periods 
ae piste oe Ae @ Real time clock. 
@ Personal telephone directory for storing your most commonly 
used numbers, 
@ Calculator 


r 
} 


| 
‘ 


j Let tI 


aff 


re 


ee eg te, ee EE @ Printer interface for connection to a printer 
Vistel Ilis a visual telephone plus ‘answerphone’ which allows everyone @ Telecom Gold, or BKU mail box, function key. 
to communicate over the telephone network. @ Vistel || runs from mains with battery back-up so memory is 


retained even when Vistel Il is turned off. 
@ For connection your only requirements are a power point anda 
British Telecom jack plug socket. 
Options 
@ Printer 
These units are new and boxed. but because the company who manufactured them 
has gone bankrupt they are offered without guarantee. There is a comprehensive 


By simply dialling a number and typing in your message you can be in 
touch with anyone else with similar equipment - whether they are across 
the road or at the other end of the country 


By pressing one clearly marked button you can send or receive typed 
messages even when you are out, Additionally you can prepare and 


send a message at a particular preset time (during cheap periods to 143 page instruction manual provided, These units originally sold for over £500 
save you mone . . 

y yh Our Bargain Basement Price £150 
With Vistel Il not only can you talk to other Vistel Il users but Vistel | (of Ss ] p = £75 
which there are over 1,000 already in use by deaf people throughout the a e rice 
UK), Telecom Gold, Breakthrough trust's BKU Mailbox Network, Mailink, If you want to look through the manual first. send £12 (£10 deposit ~ £2 post); £10 
the RNID telephone exchange or any other computer with a modem. refunded on its return 


SEMICONDUCTORS - | you're seriously into Semi's, ask for our Bulk Dragon interface 


Buyers list - Diodes, Transitors, IC’s etc, all at knockout prices!! 


MEMORIES ETC Dynamic RAM Modules 


Z1985 Dynamic 256k RAM modules SIMM. 8 « 41256-12 with 


La 42 room for Sth chip. Similar to RS types costing £100 + 
1S$4256-12 Our 1OW Pri) wresccecrneseersrsrsenesssasetenseererere just £10.00 each 
MSL27128K 4 a 
MBE1256-20 255 £5. SALE ¢ 
TMM2063P-10 92 ja 2.0 7 50 
MBS1C68-35 oy ! 1 PRICE . 
TMS4161-15NL 
TMS2516JL . 70 Z1818 Dynamic RAM modules by NEC type MC41256A8A-12 
™MS2114L-45 4 % These SIPs are on panels 79mm ~ 17mm and have B x 41256 
MC68ASO0P 7? RAMs, giving 256k of memory. Similar to RS638-403. Their 
HN482764-4 : Ss 3 price £107.00 
HM4664-2 2 ‘ 1 QA (EGG ecccccnssncyriccecnsnisacntnsnisncenixgntnintanssnninaimisngnsa £30.00 
MK4118N-2 
SABs088-P ! 2 
Pies gee Sa] pre £7.50 
AM2952DC : f PRICE & t 
| o MM58274BN 0 { 
| ° AM29660C 7 ’ v — 
MC10131L ] B 
me hie r Bridge Rectifiers $B9 Dragon interface - case 116 * 62 * 29mm with? «9 pind 
upBs282D f ; 1+ 100 + Plugs. 2 leads with 5 pin DIN plug. tnside is a PCB with 4 
MC10109L ‘ f 26MB20A 254 200V £1.50 O75 transistors and 20 resistors 
MSL2732K ‘ : BYw20 254 50V £1.00 0.50 
RESC22P2 ; " 5V4B20 4A 200 3/ £1.00 0.20 Box of 50 £20.00 
SCN2681A a 
LH51640-10 0 £2. : or 7Op each 


TMM2016P-1 
D4364-12 
HM3-2064U-5 
HM6264-12 
HM62256-12 
S$AA5231 
SAB3035 
Z80A CTC 

503 Z80A FIO 

5D3 Z80A DART 

503 R6502 

503 MBOCE5A-2 

$03 P82594 


MINIMUM ORDER VALUE £12 + £3 POSTAGE/ PACKING PER ORDER 


1992 Catalogue - Yes we know we're only half way 
through 1991, but if you want to be first with the 
Bargains, you can place an advance order now - just 


add it to your order where indicated. This will be sent 
to you on publication 1st October, 1991. 


table whose time constant is 
formed by Ry-C3. 

When bothS and S; are closed, 
C; does not produce a pulse 
from the direct voltage output 
of IC>.. The low-level potential 
then remains at the inputs of the 
relay drivers to ensure that the 


relay stays energized in this con- 
dition. 

When 5, is closed instead of 
So, the relay is energized during 
the pulse widths and de-ener- 
gized during the pulse spac- 
ing. This mode of operation is 
best for optical call indicators. 


The power supply may be a 
simple 12-V mains adapter. Diode 
Dg protects the circuit against 
incorrect polarity. Higher sup- 
ply voltages make a 12-V regu- 
lator (IC3) and an additional 
electrolytic capacitor (C,) nec- 
essary. The current drawn by the 


circuit is only a few mA. 


It is advisable to check with 
your telecommunications au- 
thorities whether the circuit is 
allowed in your locality before 
building it. 


(M,. Haas 914039) 


TEMPERATURE-COMPENSATED CURRENT SOURCE 


ATIONAL Semiconductors’ 

LM334Z is a three-pin pre- 
settable current source, whose 
output may be set to between | 
uA and 10 mA. It may be also 
be used floating. 

In principle, just one resistor is 
needed for setting the current. 
However, the current is then 
strongly dependent on tempera- 
ture: about +0.33% °C-L (This would 
enable the device to be used as a 
temperature sensor), Therefore, 
to obtain a stable current source, 
anadditional resistor and a diode 
are needed. 

For good stability, the diode 
must be coupled thermally tothe 
IC (the self-heating of the source 


BI 
1 1N4148 


fee as 


1, = 400pA 


“a 


, 


i) 


91403212 
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is then compensated). This is best 
done by squeezing the IC and 
the diode, separated by heat paste, 
into a piece of insulating sleev- 


ing shown in Fig. 2 

Although the current source 
may be set between 1 A and 10 
mA with the aid of R,, it is most 


accurate between 10 vA and 1 
mA. 

The current provided by the 
source may calculated from 

I, = 2/15R, 

Resistor R; should havea value 
of 1OR,. 

Setas described and with good 
thermal coupling between D; and 
IC), the prototype showed a tem- 
perature drift of not greater than 
0.02%°C-! with I<] mA. The largest 
drift measured, 0.08%°C-1, oc- 
curred at I, = 5 mA. All mea- 
surements were carried out with 
a supply voltage of 9 V. 


(J. Ruffell 914032) 


S-METER FOR SHORT-WAVE RECEIVERS 


S? ME radio amateurs are very 
keen onaccurate RST reports, 
others (mostly the VHF/UHF 
fraternity) never look at the S- 
meter on the receiver, and are 
satisfied as long as they can hear 
the other station. This circuit is 


for the first group. 
Traditionally, one S-point cor- 
responds to a 6-dB increase in 
signal strength, while ‘S%” is de- 
fined as 50 pV into 50 Q. 
Unfortunately, very few receivers 
these days have a calibrated S- 
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meter, hence the confusionamong 
radio amateurs about the in- 
terpretation of the signal strength 
reports they exchange and write 
on OSL cards. 

The logarithmic-to-linear con- 
verter contained in the NE604 
from Valvo (Philips Components) 
is used here to build anaccurate 
S- (signal strength) meter for 
short-wave reccivers. The am- 
plifier in the NE604 is tuned to 


the intermediate frequency (IF) 
ofthe receiver with the aid of L1 
and C>. Here, the circuit is di- 
mensioned foranIFof455 kHz, 
which is applied to input ca- 
pacitor C). 

The output of the field strength 
detector in the NE604 supplies 
a current of 0) to 50 WA at pin 5. 
This current is converted into 
a voltage of 0-5 V by a 100 kQ 
resistance, R5+R3. Note that two 


Bite 


TRENGTH 


E96-series 1% resistors are used 
here, plus a diode, D;, instead 
of a single 100 kQ resistor. This 
is done to compensate temper- 
ature effects which would cause 
derating of the linear output 
voltage. If the specified E96 re- 
sistors can not be obtained, R> 
may be replaced by a parallel 
combination of two 120 kQ 1% 
resistors, and Ry by a parallel 
combination of a 39 kQ 1% re- 
sistor, and a 1 kQ2 1% resistor. It 
should be noted that the usable 
range of the log-to-lin converter 
in the NE604 is roughly from 
5 LA to about 40 LA of output 
current, corresponding about 
70 dB, or 0.5 V to 4_V at pin 6 
of IC. The lower level is caused 
by background noise of the LF 
amplifier in the NE604, and the 
upper level by limiting and sat- 
uration effects. Fortunately, the 
effective range of the converter 
is large enough for the present 
applications, bearing in mind 
thatS-meter readings lower than 
S3 are rare and of little mean- 
ing in the short-wave bands. 
‘Components Ry, Cy and Cyq 
suppress ripple and noise. Opamp 
[C> is set to provide unity gain, 
i.e., its output voltage is 0 to 
5 V. The moving-coil meter is 
connected between two presets. 
P; is adjusted until the meter 
reaches full deflection at a volt- 
age of 4.5 V measured at pin 6 


of IC>. Next, adjust it for an in- 
dication of Sy withan RF testsig- 
nal of 50 UV applied to the re- 
ceiver input. 

As usual with S-meters, the 
meter is supplied with a com- 


PARTS LIST 


Resistors: 
R1I=5.6kQ 

R2 =60.4 kQ (E96 - see text) 
R3 = 40.2 kQ (E96, see text) 
R4, RS = 1 MQ 

R6=2.2kQ 

Pl =10 kQ preset H 

P2 = 500 Q preset H 


Capacitors: 

Cl = 10 nF 

C2=12 nF 

C3, C4-C7, C9, C13, C14: = 
=100 nF 

C8 = 47 UF, 16 V, radial 

C10 = 4.7 nF 

Clt; C12:= I HF 


Semiconductors: 
D1 =-1N4148 
IC1 = NE604A 
IC2:= CA3130E 


Miscellaneous: 

$1 = on-off push-button 
LI = 10 pH choke, axial 
Mi =MC meter, 1 mA 


pensation current that prevents 
any needle activity below S3 or 
so. Here, this compensation cur- 
rent is set with preset Ps. The 
buffer opamp, IC3, is not used 
for this purpose to keep the cir- 


\c1 
NE604N 


cuit as simple as possible. On- 
off push-button 5; is optional 
and intended to save battery 
power in portable receivers. 


(A. Heinrich 914050) 


% see text 
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SYNCHRONIZATION SEPARATOR 


his circuit forms the missing, 

link between various video 
sources and, say, a multisyne 
monitor. Based on discrete parts 
only, it extracts the composite 
synchronization (i.e., a mix of 
the horizonal and the vertical 
component) and the vertical syn- 
chronization from a composite 
video signal with an amplitude 
of about I Vpp. The output syne 
signals are available in true as 
well as inverted form to suit 
your monitor. 

The positive composite video 
signal is filtered by R)-Cy and 
clamped by a Schottky diode, 
D,, to extract the syne compo- 
nents. The CSYNC signal is fed 
to XOR gate N2 which func- 
tions as an inverter when S, is 
closed. 

The CSYNC signal is also 
fed toa two-stage L-C filter which 
suppresses the line syne com- 


IC1 = TLC272 
IC2 = 4030BE 


914077-11 
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PARTS LIST 


Resistors: 
R1,R6=1kQ 
R2=1MQ 

R3, R5, R8 = 22kQ 
R4 = 220 kQ 
R7=10kQ 


Capacitors: 

Cl =15nF 

C2 = 330 pF 

C3 = 10 pF, 16 V, radial 
C4 = 47 UF, 16 Y, radial 
C5 =33 nF 

C6 = 2.2 nF 

C7 = 68 nF 

C8 = 1.5 nF 

C9 = 33 nF 


Semiconcudtocrs: 
D1 = BATS85 

ICT = JTEC272 
IC2 = 4030BE 


Miscellaneous: 

L1, L2 = 47 mH choke, radial 

K1, K2, K3 = phono socket for 
PCB mounting 

$1, S82 = miniature on-off 

PCB Type 914077 


SEQUENTIAL CONTROL 


% See text 


914045-11 
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ei a controls are used 
where continuous remote con- 
trol of mechanical installations, 
such as rotating antennas or 
valves, is required. That shown 
in the diagram offers a setting 
accuracy of 2.5%, although it has 
only a few components. 

The control motor is in se- 
ries witha bridge rectifier across 
the secondary of mains trans- 
former Trz. The rating of the 
transformer must accord with 
that of the motor. The other two 
mains transformers are light- 
duty, 12-V types from across 
whose secondary a small alter- 
nating voltage may be taken by 
means of P; and P>. 

The wiper of P; is connected 
to the gate of T; via resistive 
network R3-Rs. The wiper of P5 
is connected to the source of 
T,. The source-gate junction of 
the transistor serves as a null- 
point detector. When the cir- 
cuit is balanced, the potential 
difference between the two wipers 
is zero, so that Tj isswitched off. 
No current can flow through 
the motor since the current loop 


ponent and leaves the raster 
sync, VSYNC, at the inputs of 
opamp IC1b. Like CSYNC, 
VSYNC is available in true or 
inverted form. 

The circuit draws about 
200 WA at a supply voltage of 
5_V. The outputsignals are TTL 
compatible. 


(J. Bareford 914077) 


through the rectifier bridge is 
broken for each half cycle. When 
one of the potentiometers is ad- 
justed, the circuit is no longer 
balanced and T is switched on 
during either the positive or 
the negative half cycles, de- 
pending on which of the po- 
tentiometers was adjusted. 
Current then flows through the 
motor, Dy,T; and D;, or through 
the motor, D;,T; and D>. nother 
words, the motor can rotate in 
either direction. If the motor is 
coupled mechanically with P5, 
P; may be used for remote con- 
trol of the motor. 

The circuit as shown is in- 
tended for 12 V motors; if dif- 
ferent motors are to be used, 
bear in mind that they are op- 
erated from half-wave rectified 
voltages, which means that the 
transformer must be rated at 
1.52 times the motor voltage. 


(G. Peltz 914045) 


LTHOUGH therearea num- 

ber of ICs on the market 
with which it is quite simple to 
constructan LED VU meter, there 
is still interest in building such 
a meter from discrete compo- 
nents. 

The meter shown in the di- 
agramis based oneightopamps, 
contained in two Type LM324 
chips, that function as com- 
parators. 

The inverting input of each 
of the opamps is provided with 
areference voltage derived from 
potential divider R3-Rjy. The 
values of these resistors are cho- 
sentogivea5 dBstep between 
adjacent resistors. Resistors Rj 
and Rj» ensure that the refer- 
ence voltages are higher than 
half the supply voltage. 

The non-inverting input of 
each opampis supplied with the 
rectified input signal (D, and 
D>), whichis also superimposed 
on to half the supply voltage. 

When the voltage level at 
the positive input of an opamp 
rises above that at the invert- 
ing input, the output of that 
opamp goes high and the asso- 
ciated LED lights. The higher 


HE charge-discharge-idle 

(C-D-D monitor described 
here is suitable for all vehicles 
with a 12-V or 24-V battery of 
which the negative terminal is 
connected to the chassis (point 
B in the drawing) 

The current drawn from the 
battery is measured by moni- 
toring the voltage drop across 
the heavy cable between the 
negative terminal of the battery, 
and the chassis. Usually, this 
cable is extended to the engine 
(point C), The positive terminal 
is usually connected to two ca- 
bles, a solid one to the starter 
motor (poitit A) and a thinner 
one to the ignition switch, 

Two LEDs fitted in the car 
interior indicate whether the 
battery ischarged or discharged 
witha significant current, pro- 
viding a reassuring check on 
the gencrator function. A third 
LED is provided to indicate a 


LED VU METER 


the input signal, the more LEDs 
will light. If D3 and D4 are red, 
the circuit may be used asa sim- 
ple peak indicator, showing when 
the input signal exceeds a cer- 
tain value. 

The supply may be between 
10 Vand 15 V.Thecurrent drawn 
from it depends largely on the 
number of LEDs that light; it is 
not more than 160 mA at 10 V 
and 110 mAat 15 V. 


(M. Stehouwer 914076) 
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kind of neutral area in which the 
battery is only lightly charged 


or discharged. 


The circuit is essentially a 
window comparator based on 
opamps. The voltage drop that 
exists across the chassis cable 
of the battery is fed to resistor 
Rj, which forms part of a mea- 
suring bridge consisting of Rj- 
R>-R3-R4-P}. The small voltage 


unbalances the bridge, and is 
amplified 100 times by opamp 
IC, which is wired as a non- 
inverting amplifier. In practice, 
input voltagesassmallas+2.5mV 
or —2.5 mV are detected reli- 
ably by the balanced bridge. 
The output voltage of IC>, 
controls a window comparator 
built around IC>, and [C,. The 
LEDs at the opamp outputs in- 
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1C1 = TLC272 


dicate whether the battery is 
charged (Dy, lights), discharged 
(Dg lights), or is in a “neutral 
state (Ds lights). 

The two positive feedback 
networks associated with ICs, 
and IC), are decoupled at the 
output of IC>, by Rg and Rz to 
ensure that the hysteresis of the 
window comparator does not 
affect the reference voltages sup- 
plied by Rg-Ry-Rjo. [fnecessary, 
Rg may be made smaller to make 


PARTS LIST 


Resistors: 

RI-R4, R6, R7 = 1.2 kQ 
R5 = 270 kQ 

R8, RIO = 2.2 kQ 
R9 = 680 Q 

R11, R12 = 120kQ 
R13 = 120Q 
R14=10Q 

RIS =68 Q 

R16 =470 kQ 

P! = 250 Q preset H 
P2 = 47 kQ preset H 


Capacitors: 

Cl = 100 uF, 40 V 
C2 = 10 uF. 10 V 
C3=1yR 10V 
C4 = 100 nF 


Semiconductors: 
IC] = 7805 

IC2 = LM324 

D1 = IN4002 

D2, D3 = IN4148 
D4 = LED, green 
D5 = LED, yellow 
D6 = LED, red 


| 


the ‘idle’ (neutral) rangesmaller. 

The fixed resistors in the bridge 
must be close tolerance types 
mounted such that they are in 
thermal contact with each other. 

The circuit has an internal 
powersupply based on the ubig- 
uitous 7805 three-terminal volt- 
age regulator. The regulator re- 
quires a heat-sink only when the 
circuit is installed in a vehicle 
with a battery voltage higher 
than 12 V. 

Adjusting the circuttis straight- 
forward. Start the engine and let 
itidle. Set preset P3 to mid-travel. 
Next, adjust P; until the ‘idle’ 
LED, Ds, lights. Carefully read- 
just P> until IC, supplies an 
output voltage of 2.5 V. Rev up 
and check that the ‘charge’ LED, 
Dg, lights. 

With the component values 
shown here, the circuit will in- 
dicate a charge or discharge cur- 
rent greater than about 1.5 A, 
which corresponds to 18 W at 
a battery voltage of 12 V. 
Suggested colours for the LEDs 
are green for D4 (charge), red for 
Dg (discharge) and yellow for 
Ds (idle). Alternatively, the charge 
and discharge LEDs may be tri- 
angular types which can be fit- 
ted to point up and down re- 
spectively. The ‘idle’ LEDis then 
a rectangular type fitted in be- 
tween. Finally, the circuit draws 
about 30 mA when connected 
to a 12-V system. 


(L. Rikard 914014) 


VARIEGATED LED 


HEN the control voltage 

at the input of the circuit 
is varied from 0 V to +12 V, 
the LED will first light up green 
and then gradually, via orange 
and yellow, turn to red. 

The two sections of the bi- 
colour (red and green) LED are 
driven separately: the green one 
by IC), via R7, and the red one 
by ICjp via Rg. 

Opamp [C,, has an ampli- 
fication of x2, which results in 
the red LED lighting from input 
voltages ofabout0.5 V. This sec- 
tion lights at maximum bright- 
ness when Uj,>Up/2. 

Opamp IC), is an inverting 
amplifier with anamplification 


of x2. Moreover, its non-inverting 
input is ata level of Uj,/2.When 
theinput voltage <LI, /2, its out- 
putis high. When the inputrises 
above LU, /2, the green section 
of the LED will gradually be- 
come less bright until it goes out 
completely when Uj,=Up. 

The supply voltage should 
notexceed 30 V: whenitis higher 
than 12 V, the value of resis- 
tors Ry and Rg should be al- 
tered accordingly. 

The current drawn by the 
circuit depends mainly on the 
LED: with a 34 med type and a 
supply voltageof12 V,itisabout 
35 mA. 

(R. Kithn 914056) 


MICROPROCESSOR SUPPLY REGULATOR 


OTOROLA's TCA5600 is 

a versatile supply chip for 
battery-operated microproces- 
sors;itsinternal circuit diagram 
is given in Fig. 1. 

Diodes D; and D» protect 
the circuit against reverse po- 
larity of the supply voltage and 
voltage peaks respectively. 

The 2.5 V reference is pow- 
ered independently to enable 
it remaining switched on while 
the remainder of the circuitison 
stand-by. 

The d.¢.—d.c. converter and 
presettable voltage regulator, 
A2, form one entity. The con- 
verter arranges for the input 
voltage of A2 to be ofalevel that 
ensures colrrect and stable op- 
eration of the regulator. The level 
depends on the level of the sig- 
nals atINH1 and INH2 that con- 
trol the regulator. Six modes 
are possible as shown in the 
table. Potential V..19 is used, for 
instance, as the programming 
voltage for an (EJEPROM and 
is set with the aid of resistors 


Em : 


RESET pP 


Ry and Rs. Since the converter 
ison until the level at pin9 reaches 
33 V, it is possible, for exam- 
ple, prior to programming an 
(E)EPROM, to set the input po- 
tential to A2 to the required level 
inadvance of the programming 
pulse, so that the switching from 
5 V to the required level is not 
subject to any delays. This may 
also be seen from the timing di- 
agram in Fig. 2. 

The 5-V regulator is of con- 
ventional design. A differen- 
tial amplifier, Al, compares the 
output level via a voltage di- 
vider with the reference; the 
difference drives an external 
power transistor, T1. 

Current limiting is provided 
by a series resistor in the emit- 
ter circuit of the output tran- 
sistor. 

The output of the 5-V regu- 
latr is also applied to a Schmitt 
trigger that functions as an under- 
voltage detector. If the output 
drops below 5 V, the delay cir- 
cuitisactuated to make the reset 


TRUTH TABLE 


sels 
0 0 off ; 


intermittent operation of the converter means 


that the converter operates only if 
Voee2<Vouw2t2:5 Vv. 


the converter loads the storage capacitor to its 
full charge (V,=33 V), allowing fast response 
time of the regulator V,..> when addressed by 


the control software. 


high impedance (internal 10 kQ. resistor to 


ground). 
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output of the IC low. This is in- 
tended to prevent spurious op- 
eration of the microprocessor at 
too low a supply voltage. Such 
operation is also monitored by 
the watchdog. By programming 
the processor to emanate regu- 


Vg max 7, 
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— os 
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lar pulses and provide these to 
the WDI (watchdog inhibit) pin, 
the watchdog can monitor 
whether the program is run- 
ning normally. Assoonasa pulse 
is delayed, the watchdog actu- 
ates the delay circuit, which in 


—_ 


914040-12 


turn resets the processor. The 
watchdog function may be 
switched onand off via the logic 
level at pin 18 (WDS); if this 
level is low, the watchdog is en- 
abled, 

The delay circuit also pro- 


vides a power-on reset, so that 
the processor will always start 
at the correct point in the pro- 
gram at power-on. 


(L. Lemon 914040) 


OVERLOAD 


la} Watchdog «nhibited. WOS 
01 Watchdog operational. WOS 
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IC1 = 74HCT86 


101 
1c0 


IC2 
74HCT153 


ELEKTOR ELECTRONICS JULY/AUGUST 1991 


914046-11 


IE most popular current 

indicator in electronics is 
almost certainly the light-emit- 
ting diode (LED) which is avail- 
able ina number of colours (red, 
green, blue, yellow, as well as 
dual colours) and variations 
(round, square, flashing). 
Unfortunately, these virtually 
indestructible devices are often 
abused: terminals cut too short, 
current too high, burnt by a sol- 
dering iron, and many others. 
Most of these abuses may be 
prevented by the circuit described 
here: it enables the LED indi- 
cation to be adapted to the cir- 
cuit you are working on (flash- 
ing or not flashing, red, gree, and 
so on). 

The heart of the indicator is 
dual-colour diode D>. The man- 
nerin which this will light when 
the input of the indicator is ac- 
tuated depends on the settings 
of S,-1-3. Switch $|-4 enables 
thesetting of a high or low level 
to which the input reacts. 
Components Ry, D3and Dy pro- 
tect the input from damage should 
the input voltage become too 
high. 

Anoscillator formed by IC}, 
and IC), provides a flash fre- 
quency that is set by Pj. 


Depending on the setting of 
switches $)-1-3, the oscillator 
signal is applied in a certain 
manner to the dual-colour LED 


via multiplexer IC. For conve- 
nience's sake, the positions of 
switches S)-1-3 and the conse- 
quent actions of the LED are 


TABLE 1 


flashing red/green 


red/green 
green 
red 


off 
off 


flashing green 


flashing red 


summarized in Table 1 and those 
of S;-4and the status of the LED 
in Table 2. 

The indicator needs a supply 


TABLE 2 
CTRL input 


of 8-25 V. The current drawn 
from a supply of 25 V in nor- 
mal operation is 30 mA. 

(J. Ruffell 914046) 


LED status 


disable 
enable 
enable 
disable 


TRIGGERED SAWTOOTH GENERATOR 


sawtooth 


HE generator 
shown in the diagram may 
be used with an oscilloscope. 
It is linear, retriggerable, and is 
enabled automatically in the 


absence of a trigger signal. 
When a positive pulse is ap- 
plied to its input B, monstable 
IC3, generates a sawtooth, which, 
owing to the ‘standard’ RC net- 


work, is not linear. If, however, 
the resistor in that network is re- 
placed by a current source, here 
Ty, Ry, P2, linearity returns. The 
period of the sawtooth depends 


on the settings of S; and P). 
Thesawtooth signal is buffered 
by Tz to preventits quality being 
affected adversely. The voltage 
level at the gate of T> is 0-3.5 V, 


2N3820 


IC1 = 74HCT132 
IC2 = 74HCT123 
1C3 = 74HCT221 


BF245A4 
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thatat the sourceis slightly lower. 

The rectangular signal at the 
Qoutput of ICs, is used to sup- 
press the electron beam during 
the flyback. 

The trigger signal is provided 
by Schmitt trigger [C),, which 
has the small drawback that the 
input signal must be at least 
1V rms. Preset Py provides 
compensation for the d.c. level 
at the input. Some experimen- 
tation with the values of Ry and 
Ry is advisable since these re- 
sistors determine the operat- 
ing range of P}. 

As long as trigger signals are 
input, IC3, generates sawtooth 


HE COMPACT test probe 


is made from five transis- 


T1 
BC557B 


BZX83C 3.9V 


Dis yellow 02 = red 


signals. Since IC, receives the 
same trigger signals, it is en- 
abled continuously. There is, 
however, a fundamental differ- 
ence between the two circuits: 
the 74HCT123 is retriggerable, 
whereas the 74HCT221 is not; 
it is enabled only after the cur- 
rent period has been processed; 
all intermediate trigger pulses 
are ignored. 

In practice, the Q output of 
IC), is high as long as trigger 
pulses are input. When these 
pulses cease, the Q output goes 
low, which results in ICs}, being 
started via the Q output. After 
its mono time has elapsed, IC3, 


enables IC3, and this in its turn 
reactuates IC3,, so that, even 
in the absence of input trigger 
signals, the sawtooth genera- 
tor continues to operate. 

The flyback is suppressed 
by IC3,;network Rg-Cg provides 
a slight delay to ensure that the 
beam is suppressed at the right 
moment, Since these compo- 
nents have a fixed value, it may 
happen at very low frequen- 
cies that small portions of the 
sawtooth are not suppressed, 
This may be obviated by switch- 
ing capacitors of different val- 
ues in the Cy position via a sec- 
ond wafer on S1, 


UNIVERSAL TEST PROBE 


tors, three LEDs, a zener diode, 
and three resistors. It enables 


914071-11 


D3 = green 


1C1=LM358 
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rapid ‘measurement’ of volt- 
age levels at digital gates, fuses, 
diodes, batteries, and others. Of 
course, it does not provide ab- 
solute values, but rather a good 
indication of correct operation 
or otherwise. 

Measurements are carried 
out with pins A and B. If the 
potential difference between A 
(the reference pin) and B is 
1.9-2.0 V, Do willlight. If the volt- 
age at B is <1.4 V higher than 
that at A, D3 will light. Finally, 
if the potential at B is 211 V 
with respect to that at A, D) 
will light. 

Transistor Ts is used asa zener 
diode, which keeps the total 
current drawn down (since tran- 


67 


The range of the generator 
may be refined by adding ca- 
pacitors in the time base whose 
ratio is 1:2:5; the capacitors in 
the diagram, C3-C,, havea ratio 
of 1:10. With values as shown, 
the period of the sawtooth in the 
upper position of the switch 
can be set between 1 us and 
6 us; periods below 1 [ts can 
not be obtained. 

The circuit as shown draws 
acurrent ofabout7.5 mA from 
the 5-V supply. The negative 
supply is not critical and may 
be between 5 Vand 12 V. 


(GJ. Knopper 914066) 


sistors ‘break down’ ina stable 
manner at a lower current than 
zener diodes). 

The probe allows measure- 
ment of alternating voltage. 

The maximum input volt- 
age is highly dependent on the 
dissipation allowed in R,. For 
example, when this resistor is 
a0.5 W type, the input voltage 
may be as high as 200 V rm.s. 

The current drawn by the 
circuit depends on the number 
of lighting LEDs: itis not more 
than 10 mA at a supply volt- 
age of 3 V. In quiescent opera- 
tion, the current is so low (about 
5 pA) that an on/off switch is 
not necessary. 


(T. Giffard 914071) 


SLAVE FLASH TRIGGER 


HE circuit in the diagram 

is intended forsynchronous, 
wireless triggering of one or 
more slave flash units when the 
mother flash is triggered, so as 
to obtain better lighting of the 
photographic object. 

Phototransistor T] isswitched 
on upon the receipt of the light 
of the mother flash unit. The 
potential at the inverting input 
of comparator IC), rises, the 
comparator toggles and for a 
briefinstant, determined by the 
value of C,, the voltage level at 
the inverting input of ICyp is 
lower than that at the non-in- 
verting input. This causes IC}), 
to toggle momentarily, which 


results in the thyristor being 
triggered and the flash contacts 
to be closed. 

The circuit may be used in 
dark as well as in brightly lit 
places. The operating range de- 
pends on the mother flash and 
will normally be 5-15 m (15-50 ft). 
Thesensitivity depends primarily 
on the base resistance of the 
phototransistor and this may be 
modified according to circum- 
stances. Any tendency to insta- 
bility may be cured by shunting 
Ry with a 100 pF capacitor. 

Power is supplied by a 9-V 
(PP3) battery. 


(H. Dépfner 914057) 


BINARY LOGARITHMIC LADDER NETWORK 


HE network provides an at- 

tenuation between() dBand 
78.75 dB that is presettable in 
64 stepswith the aid of a 6-bit 
code. 

Six independent, — relay 
switched attenuator sections 
may be connected in series inac- 
cordance with the input code. 
Since the sections have identi- 
cal 1 kQ impedances, they do 
not affect each other and can, 
therefore, be interchanged with- 


ars 


IC1 = NE5532 


out any problem. The only re- 
quirementis that the networkis 
terminated correctly, here by 
Ray. The fairly low characteris- 
tic resistance of 1 kQ2 was cho- 
sen to keep the noise generated 
by the attenuator low. 

Buffering of the attenuator is 
effected by a Type NE5532, an 
IC that operates effortlessly with 
al kinput impedance. 

The use of relays in the vari- 
ous sections ensures that there 


are no linearity problems with 
switching elements. Furthermore, 
relays make it possible for the 
control circuits and the attenu- 
ator to be electrically isolated. 

The relays are driven by a 
transistor,so that the control in- 
puts require relatively little en- 
ergy: even a simple logic cir- 
cuit (TTL or CMOS) can switch 
the relays in this manner. 

The signal-to-noise ratio of 
theattenuator, with component 


Re1...Re6 = V23042 - 42003 


HE timer is intended to ac- 

tuate an apparatus fora pre- 
determined period of time, for 
instance, an ultra-violet expo- 
sure unit ora photographic en- 
larger. Periods may be set be- 
tween 0.1 s and 999.9 s. 

The periods are set with the 
aid of thumb wheel switches 
and stored in four Type 74HCT190 
counters, IC4-IC;. Setting is fa- 
cilitated by the set times being 


UNIVERSAL TIMER 


displayed instantly on the LED 
display. After the start button 
has been pressed, the inputs of 
the counters are disabled and 
the count dewn starts. At the 
same time, relay Re, is ener- 
gized. 

In quiescent operation, the 
contacts of K> are linked to those 
of Ky. Since Ky is connected to 
the mains, the load connected 
across K3 is supplied with mains 


voltage; there is no voltage sup- 
plied to the load connected across 
K3. When Re, is energized, that 
is, during the switch-on period, 
the mains voltage is switched 
from K> to K3. At the end of the 
switch-on period, a buzzer in 
the collector circuit of T; sounds. 
Inan emergency, the switch-on 
period may be prematurely ter- 
minated with the aid of the stop 
button. 


valuesas shown in the diagram, 
is 92 dB (A-weighted even 
107 dB), provided the input sig- 
nalisnotsmallerthan] Vrms. 
The maximum input voltage is 
7 Vrms. Total harmonic dis- 
tortion at frequencies up to 20 kHz 
is not greater than 0.003%. The 
current drawn by the circuit 
depends prim arily on the re- 
lays: in the prototype it was 
about 120 mA. 

(T. Giffard 914075) 
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When the switch-on period 
is over, oscillator IC> is disabled 
and the relay is de-energized. 
The preset period is then shown 
on the LED display again. 

Power for the clock may be 
provided by a simple 300 mA 
mains adapter combined with 
a Type 7805 regulator. 


(A. Rigby 914042) 
~ 
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OTOROLA's Type TLC2201 

low-noise precision opamp 
is probably not the best-known 
amplifier made in LinCMOS 
technology, but it is certainly a 
very interesting and useful de- 
vice. Apart from a noise figure 
of 18 nV VHz-1, which is low 
for opamps, the chip also has 
very good d.c. characteristics. 
The JFET inputs have an off- 
set of only 100 pV, while the 
temperature coefficient is 
0.5 pV K 1. Until not so long 
ago, such specifications were 
possible only inamplifiers with 
bipolar inputs. 

The combination of low noise, 
good static characteristics and 
a common-mode range that ex- 
tends to the negative supply 
voltage, make the TLC2201 very 


HEUNIT discussed here in- 
dicates, by means of a chain 
of LEDs, in logarithmic ratios 
the strength of an electric field 


PARTS LIST 


50 HZ BAND-STOP FILTER 


suitable for applications where 
signal conditioning witha high 
source impedance is a prime 
requirement. 

Anexample of this is the 50 Hz 
band-stop filter shownin the di- 
agram, which provides an at- 
tenuationofsome40 dB. Because 
of the high input impedance, the 
filter can use relatively small ca- 
pacitances and large resistances. 
Owing toits excellentd.c. prop- 
erties, the circuit is also suit- 
able as a buffer for d.c. or low- 
frequency signals. 

The circuits requires a +5 V 
supply, from which it draws 
about 1.5 mA. 


(J. Ruffell 914086) 


FIELD STRENGTH METER 


surrounding the unit. The input 
signal across the conducting discs 
is applied to the non-inverting 
input of IC;. The amplification 


{C1 Ic2.  IC3 


oY @ @ 


of IC), A=Ry/P1. In the proto- 
type, P; was set at about 210 kQ 
to giveanamplification of about 
x50. 


Opamp IC) functions as a 
rectifier: during the negative 
halves of the input signal, its out- 
put goes high and D, conducts. 


Tl 


REF OUT 
RLO 
REF ADJ 


IC3 
LM3915 


914041-11 
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During the positive halves, the 
signal is applied direct to the 
output via Rs and Rg. Diode D, 
is then reverse biased and IC) 
does not function. 

The level of the output volt- 
age across Cs is monitored by 
diode chain D,~Dj9 via IC3. The 


HE program and the circuit 

presented here are an intro- 
duction into practical interrupt 
handling in IBM PCs and com- 
patibles, a subject fraught with 
pitfalls to the average PC user. 
The program (shown in the list- 
ing) is a memory-resident util- 
ity that monitors one of the PC's 
interrupt request lines, IROQ2 
through IRQ7. It producesa short 
beep on the PC's loudspeaker 
whenarequestoccurs. Interrupt 
requests may originate from in- 
sertion cards, and serve to in- 
form the PC that a particular 
event has occurred that requires 
the action of a servicing rou- 
tine, which interrupts the cur- 
rently running program. 
Interrupts may be used to sig- 
nal the activity of, for example, 
a telephone ringing circuit, a 
temperature monitor, a voltage 
level monitor, ora watchdog. To 
help you understand the use 
and basic operation of inter- 
rupts, a simple circuit is given 
that generates aninterruptwhen 
a push-button is pressed. Taking 
good care to avoid conflicts with 
cardsalready installed in the PC, 
set the push-button interrupt 
line with the aid of a jumper, 
JP) through JP,.In the program, 
this interrupt line should be de- 
fined accordingly by assigning 
the correct value to the constant 
‘IRQ’ (see the listing). 

When the push-button is 
pressed the TLLC555 supplies a 
100-ms long interrupt request 
pulse, which is transferred to the 
8259 interrupt controller in the 
PC via an extension bus slot. 
Components R; and C) forma 
switch debouncing network. The 
circuit is readily built on the 
prototyping board for computer 
extensions described in Ref. 1. 

At the end of the listing are 
twocommentlines thatserve to 
prevent the uninstall routine 
being called. If you intend to 
make changes to the program, 
we recommend that you do not 
attempt to make it resident straight 


capacitor is discharged slowly 
via Rz when the signal ceases. 

The conducting discs are 
formed by two round, double- 
sided PCBs as shown in Fig. 2. 
The components are mounted 
at the track side of one of the 
boards. Carefully bend the ter- 


minals of the components about 
2 mm from their ends to make 
better contact and strengthen 
the solder joints. Note that C,, 
S; and the LEDs must be fitted 
lying down, all the others up- 
right. 

The two boards are fixed to- 


PC INTERRUPT HANDLER 


PROCEDURE UNINSTALL INTERRUPTHANDLER; 


(RK RR RI KK KK RK KICK KK KH KY) 


(* Restore original mask and vector *) 


BEGIN 


PORT [Controller+1] :=OriginalMask; 


CLI? 


SETINTVEC (IntNumber, OriginalVector) ; 


STLy 
END; 


BEGIN (* MAIN *) 


CASE IRQ OF 
: IntNumber: 
: IntNumber: 
IntNumber: 


IntNumber: 

IntNumber: 

: IntNumber: 

: IntNumber: 
END; 


0 
1 
we 
3: IntNumber:= 
4: 
5 
6 
4 


$08; (* 
$09; (* 
SOA; (* 
SOB; (* 
$0c; (* 
SOD; (* 
SOE; (* 
SOF; (* 


RESERVED 


FIRST 


End_Of Int:=SpecificEOI+IRQ; 
INSTALL INTERRUPTHANDLER; 


{ REPEAT UNTIL KBEYPRESSED; 
UNINSTALL INTERRUPTHANDLER; } 


KEEP (0); 
END. (* MAIN *) 


gether with the aid of non-metal- 
lic screws and 20 mm spacers. 

The indicator is calibrated by 
turningP, until the LED asso- 
ciated with a field strength of 
10 V m~! just lights, 


(Dipl. Ing. H. Moser 914041) 


914102-12 


SYSTEM CLOCK TICK 
KEYBOARD INTERRUPT 


SECOND SERIAL PORT COM2 
SERIAL PORT COM1 
HARDDISK INTERRUPT 
FLOPPYDISK INTERRUPT 
PRINTER INTERRUPT 


914102-11 
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PROGRAM PcAlarm; 
(ARAKKK KKK RK KKK) 


(* Elektor V1.0/JR *) 

{SM 2000,0,0} 

{$R-,S-,1I-,F-,0-,A-,V+,B-,N-, E+,D-, L-} 

USES CRT,DOS; 

CONST IRQ=3; (* Select hardware interrupt (0...7) *) 
Controller =$20; (* Base address of 8259 interrupt controller *) 
SpecificEOI=$60; 

VAR End_Of Int :BYTE; (* End Of Interrupt command 8259 *) 

OriginalVector :POINTER; 
OriginalMask : BYTE; 
IntNumber :$08..S0F; 


PROCEDURE STI; 


(XA KK RK KKK RK) 


(* Set processor interrupt enable flag *) 


BEGIN; 
INLINE ($FB) ; 
END; 


PROCEDURE CLI; 


(FR RAKKKEK KEKE) 


(* Clear processor interrupt enable flag *) 


BEGIN 
INLINE ($FA) ; 
END; 


{SF+} 
PROCEDURE INTERRUPTHANDLER; INTERRUPT; 


( RR RRR KKK KKK KKK KKK EK KEKE KKK KKEKEKKE) 


BEGIN 
SOUND (800); DELAY(200); SOUND (1200); DELAY(300); NOSOUND; 
PORT [Controller] :=End_Of Int; 

END; 

{$F-} 


PROCEDURE INSTALL INTERRUPTHANDLER; 


(7 OR IO IIT IOI IOI IO IO I a I) 


VAR EnablePattern: BYTE; 


BEGIN 
(* Save original vector *) 
GETINTVEC (IntNumber, OriginalVector) ; 


(* Install new vector *) 

Cll 3 

SETINTVEC (IntNumber, @INTERRUPTHANDLER) ; 
STI; 


(* SAVE ORIGINAL MASK *) 
OriginalMask:=PORT[Controller+l]; 


(* Enable IRQ *) 

EnablePattern:=$01; 

EnablePattern:=EnablePattern SHL IRQ; 
EnablePattern:=NOT (EnablePattern) ; 

PORT [Controller+1]:=(OriginalMask AND EnablePattern) ; 
END; 
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away since the utility can then 
be removed from memory only 
by rebooting the computer. 
Therefore place the KEEP in- 
struction in between braces, and 


VOLTAGE regulator with 

properties like low volt- 
agedrop, 1 Acurrent, protected 
against reversal and voltage peaks 
up to 60 V, inexpensive, and 
simple to design in, is indeed a 
super device. It concerns here 
National Semiconductor's 
1L.M2941C, which isan integrated 
device with five pins. Three pins 
are for the usual connections; 
the fourth (GND) is required for 
the low voltage drop; and the 
fifth provides an additional on- 
off switching function. 

Inthe diagram, C, isrequired 
only if the distance to the smooth- 
ing capacitor is fairly long. Its 
value needs to be somewhat 
larger than is usual with 78xx 
regulators. This is also the case 
with Cp. It is advisable to place 
that capacitor as close to the 
regulator as possible. 

Although itis normal for the 
quiescent current through low- 
drop regulators to be rather larger 
than required by traditional reg- 
ulators, the LM2941C needs this 
only at voltage differences of be- 


temporarily add REPEAT UNTIL 
KEYPRESSED and UNIN- 
STALL INTERRUPTHANDLER. 
This will save you a lot of time 
and trouble debugging yourown 


application. 


(J. Ruffell 914102) 


SUPER VOLTAGE REGULATOR 


tween 0.5 Vand 5 V. 

The outputof thecircuitshown 
is designed to be set between 5 V 
and 20 V. Since the internal ref- 
erence voltageis 1.279 V,itshould 
in practice be possible to set it 
below 5 V. Note, however, that 
the makers do not guarantee 
satisfactory operation at such 
low levels. 

The value of resistor R; must 
not be smaller than 1 kQ. The 
value of Ry may be calculated 


5V5...30V 


from 

Ro = Ry(Uout/1.2751-1) Q 
where Uy is the required out- 
put voltage. 

Although many three-pin reg- 
ulators require an electrolytic 
capacitor at the ADJ output to 
improve stability, that is not 
permitted with the LM2941C: in 
fact, it might lead to oscilla- 
tons. 

A voltage difference of only 
0.5 V is sufficient for an out- 


2941 (C) 


914026 -11 


Reference: 

1. Prototyping board for com- 
puter extensions".  Elektor 
Electronics July/August 1988, 
supplement p. 4. 


put current of 1 A. This differ- 
ence may be even smaller if the 
current is smaller. 

The input must be actuated 
by a positive voltage and then 
requires a current of about 300 LA. 

Since the IC toggles with a 
control voltage as low as 2 V, 
it may be switched with either 
CMOS or TTL logic. 


(NS application 914026) 


MOMENTARY ACTION PUSH BUTTON 


HE circuit described here 

is a kind of remote control 
for all sorts of equipment that 
must be started or switched on 
with the aid of a trigger pulse. 
The authoress actuates it with 
a flash of the headlights toswitch 
on the garage lights 

When light falls on to the six 
series-connected solar cells, T; 
is switched on, which results 
in T> being switched off. Capacitor 
C> is then charged. 

When the light is removed 
from the solar cells, Ty isswitched 
off and Ts is switched on. 
Capacitor Cz will then be dis- 
charged through the LED of the 
electronic relay, which is con- 


sequently energized for an in- 
stant. In that way a trigger pulse 
is generated for electrically iso- 
lated equipment without the 
need of an additional power 
supply. 

Inthe diagram, C), Ry and Rz 
ensure a stable switching op- 
eration. 

The solar cells used in the 
prototype gave an effective range 
of 2-3 m (7-10 ft). 

The circuit is intended as a 
momentary action push but- 
ton, notasa locking switch. The 
latter function may be obtained 
by adding, for example, a latch- 
ing relay 

(Carin Mieslinger 914061) 


T1, T2 = BC547 


914061-11 
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AUTOMATIC BATTERY CHARGER 


EEPING your car battery 

constantly charged when 
the car is not in use apprecia- 
bly increases the life of the bat- 
tery. Charging is, of course, nor- 
mally only possible in your 
garage. The charger described 
here provides a constant charg- 
ing current that may, for exam- 
ple, be fed to the battery via the 
cigarette lighter. 

The charger consists of a mains 
transformer, Tr), bridge rectifier 
By and smoothing capacitor Cj. 
The charging current through 
the regulator, IC), and the 


15V/1.5A 


VERYONE should clean his 
teeth at least a couple of times 
a day. Dental research shows 
thatcleaning one's teeth for three 
minutes ata time is best: longer 
periods may damage the gums, 


switched series resistors is 107 mA 
(47 Q);230 mA(22 Q);500 mA 
(10 Q); orl AG Q). 

Diodes D, D4 indicate the po- 
sition of the switch. Transistor 
T,, Rj and Ds ensure constant 
brightness of the diodes. 

When the battery is not con- 
nected, the relay is not ener- 
gized and the mains is switched 
off. 

When the battery is connected, 
C3 gets charged, Ty is switched 
on and the relay is energized. 
The mains is then switched on 
and the battery is charged via 


D7. The consequent voltage drop 
across D7 causes T3 and T> to 
be switched on, so that the relay 
remains energized although, 
since its collector is at +12 V, 
transistor Ty is switched off. 
Resistor Rs ensures that Cy is 
kept charged so that Ty remains 
off. 

To ensure that the charger 
works with flat batteries, the 
relay contact may be bypassed 
by S$) which enables the charger 
to be switched on manually. 

Note that during constant 
charging of lead-acid batteries 


D5, D7 = 1N4001 


B80C1500 


¢ 
DA ad Oec547 


D1...D4 = LED tlt 1N4148 


T1, 73, T4 = BC557 


TEETH-CLEANING TIMER 


whereas the gums may not be 
massaged sufficiently, nor the 
plaque removed adequately, if 
the period is shorter. Some man- 
ufacturers have therefore started 
to build in timers in their elec- 


IC1 = 4093 
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tric toothbrushes that give a 
signal after three minutes. 

If you do not (yet) have an 
electric toothbrush, the timer 
presented here may help. When 
push-button switch 5 is pressed, 


there is the risk that the water 
dissolves into hydrogen and 
oxygen and this will reduce the 
liquid in the battery. Since sealed 
batteries can not be topped up, 
the present charger is not suit- 
able for these types of battery. 

Also, do not use a current 
higher than necessary; in most 
cases 100mA isample. The larger 
currents are intended for charg- 
ing large NiCd batteries. 


(R. Kambach 914044) 


914044-11 


the potential at the inputs of 
ICj, goes low. After S; has been 
released, C; is charged slowly 
via P; and Rj, so that the volt- 
age at the inputs of [C), rises 
again. When the potential across 
C, has reached a certain level, 
the output of IC), toggles from 
a high to a low level. The con- 
sequent leading edge of theneg- 
ative pulse briefly actuates the 
oscillator based on IC)g. For a 
time determined primarily by 
the time constant R>-C> the buzzer 
thensounds to indicate that brush- 
ing time is over. The time may 
be set at exactly three minutes 
with P}. 

Since the current drawn by 
the circuit is minute, an on/off 
switch has not been provided. 


(J. Ruffell 914065) 


ONE-SHOT SOLID-STATE RELAY TIMER 


The solid-state relay timer described in this article is well suited 
to the on/off switching, at predetermined times, of a.c. loads rated 


by Dr K.A. Nigim 


at up to 5 kW. The electronic circuitry is optically isolated from 
the a.c. mains and incorporates a zero-crossing voltage- 


HE advantages of a solid-state relay over 
the conventional mechanical types are: 


* it has no mechnical or moving parts that 
wear out; 

* it gives no audible noise; 

® itis resistant to shock and vibration; 

* it exhibits no contact bounce 

* it responds fast which reduces clectro- 
magnetic interference (EMI), 


The block diagram of the timer is shown 
in Fig. 1. The output of the timer changes state 
(from low to high potential) a very short ime 
after the start button is pressed. The time in- 
terval is determined by the time constant, T. 
of the series combination preset-C. 

The output signal of the timer is applied 
to a solid-state bidirectional switch, a triac, 
The a.c. load is connected to the mains via 
the triac. When the preset time elapses, the 
output of the timer drops to a low level and 
the triac is switched off, thereby disconnect- 
ing the load. 


switching technique. 


Circuit description 


The complete circuit is shown in Fig. 2. The 
timer section is based on the well-known 
555 in the IC; position. The timing period is 
initiated by pressing briefly push button 53. 
If, however, this switch is kept depressed, 
restarting does not occur since C3 will main- 


Fig. 1. Block diagram of the timer. 


IC2 = MOC3061 


Fig. 2. Circuit diagram of the solid-state relay timer. 


tain a high potential at pin 2 of IC). The ca- 
pacitor discharges through Ry when 53 is re- 
leased. The timer may be reset at any instant 
by pressing push button 55. 

The output signal at pin 3 of IC; is high 
after S3 has been pressed, which causes D, 
to light, indicating that an active time pe- 
riod has begun. 


BUFFER 
& 


DRIVER SWITCH 


910056-11 


910056-12 
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The period, in seconds, during which the 
output at pin 3 is held high is determined by 
the time constant, 


Tas = 1.1C)(R)+P)) 


where R; and P, are in kQ and C; in pF. With 
the component values indicated, time peri- 
ods from 10 to 20 seconds may be obtained. 
That range can be extended by replacing C; 
by a switch that can select between two ca- 
pacitors, Cj; and Cy2. When the range is in 
minutes, both R; and P; must be at least 
100 k@2. 

The timer circuit and the triac driver are 
powered by a simple +12 V d.c. source, for 


which a suitable circuit is shown in Fig. 3 


910056-14 


Fig. 3. Circuit of a suitable d.c. power source for the timer. 


vid wat he 


-C1,C12=100 uF 16V 
11510 pF, 16 V: 
1 C6, C7 = 22 nF, ceramic 
3 =1uF 16V— 


Cs 0.1 LF, 400 V, polypropylene 


| C5 = 2200 uF 25V 
CA= 10 pF, ididtrastean lit 
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ONE-SHOT SOLID-STATE RELAY TIMER 


AC supply isolation 


To isolate the timer circuit from the high volt- 
age of the mains, an opto-isolater triac, IC, 
with zero-crossing level trigger drives the 
main power triac, Tri;. 

The current flowing into pin 1 of IC) is lim- 
ited by potential divider Rg—R7-Rg to 15 mA 
in accordance with the manufacturer's rele- 
vant data sheet (Ref. 1). 

Surge currents at the output, pin6, are lim- 
ited by Ro. The minimum value of vis resis- 
tor for 240 V mains is given by: 


Rognin) = Uintpeak) / 1.2 =330Q. 


The a.c. load is connected to the mains 
via Tri,. The type of triac used depends on 
ther.m.s. load currentrating plus a50% safety 
design factor. The triac must be 
mounted on a suitable heat sink, 
particularly with large loads. For 
large inductive loads, suchas uni- 
versal motors, a snubber network 
consisting of R, and C, is con- 
nected across the triac to mini- 
mize the rate of rising voltage 
(commutating dv / dt). Good prac- 
tical values of these components 
are: Ry =30Q,3W and C,=0.1 pF, 
1000 V. 

The circuit performance with 
high dv/dt is improved consid- 
erably when the triac is replaced 
by two thyristors connected in 
anti-parallel: this modification 
also reduces the power dissipa- 
tion. The modified section of the circuit is 
shown in Fig. 4. 


Construction 


Since part of the circuit is connected to the 
mains, great care must be taken in handling 
the triac and the load. It is strongly advised 
to assemble and position the triac on its heat 
sink away from the timer circuit during in- 
tial testing. 

The timer is constructed on a prototyp- 
ing or vero board. Start by mounting the IC 
sockets and timer components. 

The minimum and maximum time peri- 
ods can be ascertained with the aid of a stop- 
watch or good wrist-watch with second-hand 


B4-948 


77 


and setting P; to its maximum and mini- 
mum values. A number of settings may be 
marked in terms of seconds or minutes as 
required, 

Diode D; should light every time Sy is 
pressed and stay on until the specified time 
has elapsed. 

After the timer circuit has been tested, 


910056-13 


Fig. 4. When the timer is used with large induc- 
tive loads, itis advantageous to replace the triac 
by two thyristors connected in anti-parallel. 


assemble the triac driver circuit. Connect 
terminal A2 of Tri, with suitably rated wire 
to the a.c. mains and the load. Start by load- 
ing the triac with a 40-60 W light bulb. If the 
results are satisfactory, connect the actual load. 


Applications 


The circuit may replace any mechanical timer 
relay. Two examples for use in the home are 
the hot-water tankand an electric oven. Inthe 
workshop, itcould be applied to impulse seal- 
ers, as on/off control of electric motors, and 
in spot welding control. a 


References 
Motorola Thyristor Data Book, 2nd print- 
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8088 SINGLE BOARD COMPUTER 


t 
; 
4 


A low-cost computer system is described that forms the perfect 
introduction into programming Intel’s 8088 CPU. The system is 
complete with a serial interface and a small, PROM-resident, 
operating system that enables the SBC to download 1-Kbyte large 
chunks of object code sent by a PC running a communication 


HE first IBM PCs were based on the 8088 

microprocessor, which has a 16-bit inter- 
nal architecture and an external 8-bit data 
bus. Today, IBM PCs proliferate the world 
with more powerful microprocessors — the 
8086, 80286, 80386 and 80486. Their ability to 
keep going is mainly due to upward com- 
patibility (the original instruction set for the 
8088 has been maintained and enhanced). 
Hence, machine code software originally 
written for the 8088 continues to function on 
the more enhanced processors. 

This design, based on the Intel 8088, con- 
nects to the RS232 port of any IBM PC con- 
figured for 9600 baud, 8 data bits, 1 stop bit, 
and no parity. It provides two eight-bit user 
ports, five auxiliary control lines and two in- 
terrupt lines. The single-board computer is 
externally powered, thus offering consider- 
able protection to your costly PC, which 
functions as terminal. 


Concurrent programming 


The simultaneous execution of two or more 
programs by a single processor is now 
achievable in the domains of real-time elec- 
tronics. This is achieved by time division 


program. 


R. Grodzik 


multiplexing (TDM) and providing the 
necessary communication and synchroniza- 
tion primitives. However, where a sequence 
of program statements must appear to be ex- 
ecuted indivisibly, critical sections are 
formed, and need to be protected. This is 
achieved with the aid of ‘busy’ functions im- 
plemented by wait loops and flags. Further 
measures have to be taken to prevent dead- 
lock and guarantee liveness, i.e., the pro- 
gram must not crash under any 
circumstances. The fulfillment of this last re- 
quirement is a formidable feat of software 
engineering. 

The problem is solved by utilizing a 
multi-processor environment, in which each 
individual processor executes its own pro- 
gram, and asynchronously communicates 
with the other processor via a serial link. 
This principle is adopted here, and has taken 
the practical shape of an 8088 single-board 
computer. Simply upload program data 
from the PC to the 8088 SBC (1 Kbyte max.), 
and you have your PC free to run any other 
program. The use of the second processor 
(the one on the SBC) brings concurrent pro- 
gramming within easy reach. 

One of the features of this project is an at- 
tempt to investigate virtual memory. By 
using virtual memory techniques, whereby 
program code is downloaded in packets of 
1 KBytes each, the seemingly small on-board 
memory of the SBC does not prohibit the ex- 
ecution of a substantial program which is 


resident in the host. 

The 8088 SBC is equally at home in an 
educational environment, allowing the user 
to control external devices from a PC. Of 


"course, all programs for the card have to be 


written in assembler. If the program has a 
bug, try again — it only takes a second to re- 
load the new version to the board, No emu- 
lators or EPROM burning are needed here. 


Operation and system 
architecture 


The present circuit (Fig. 2) uses a multi- 
plex/demultiplex system. The 8088 CPU has 
a multiplexed low-order data/address bus 
which needs to be demultiplexed to access 
the RAM and PROM in the system. Circuit 
1C7, a 74HC373 octal latch, provides this 
function. The 8155 PIO (IC3) has internal de- 
multiplexing, and is connected directly to 
the 8088's lower data/address bus, with the 
ALE pin controlling the flow of data or ad- 
dress information. In addition, IC4a and IC4b 
provide a qualifying signal from the DEN 
pin of the 8088 to prevent bus contention 
when RAM or PROM is enabled. 

Circuit IC1, a 8284, is a clock generator 
and driver for the 8088 microprocessor, pro- 
viding all the source clocks needed by the 
system. The 11.0592 MHz master oscillator 
frequency is divided by three by the clock 
generator to give a 33% duty factor 3.6864- 
MHz signal to the CLK input of IC2. This fre- 
quency is further divided by two to present 
a frequency of 1.8432 MHz to IC3 pin 3, a 
PIO with internal timer, where it is again 
divided down by three to output a 
614.4 KHz square wave signal at pin 6. This 
signal feeds ICé, a 8251 UART. An internal 
divider in the UART (divisor 64) finally pro- 
duces the baud rate of 9,600 required for 
asynchronous communications with the 
host PC. 


The operating system 


The control software required to boot up the 
system resides in a bipolar PROM, IC10,! ¢ 
which is mapped into the system memory as{| 
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RESET VECTOR 


OPERATING 
SYSTEM 


02800 UART COMMAND 
00800 UART DATA 
: cm 
00400 
OOOFF 
00000 

MEMORY 


Fig. 1. 


shown in Fig. 1. The code burned in the 

PROM performs the following functions: 

* provide the reset vector address 
(FFE0:0000) - FFEQ0;r PROM start ad- 
dress; 

* initialize data, stack and extra segments 
to zero; 

* initialize the stack pointer to RAM top 
(OO7FFH); 

* initialize ports A, B, and C to outputs; 

* configure the on-board timer of IC3; 

* initialize the UART (9600 baud, 1 stop 
bit, 8 data bits, no parity); 

* load binary data received from the host 
PC to the RAM (00400-007FF). 


Once the SBC has received 1 KBytes of data, 
execution of the program starts automat- 


PROM 
512 Bytes 


i i TOP 


1024 Bytes 


0005 
TIMER LOW 0004 

PORT B 0002 

0000 


Memory structure of the 8088 single-boardf computer. 


ically from address (0000:0400) - 00400y 
(RAM start; see Fig. 1). 


For those of you with access to a PROM pro- 
grammer, the contents of the system PROM, 
a 74S472, are given in Fig. 3. 


Construction and 
connecting up 


This should be relatively straightforward 
using the ready-made double-sided and 
through-plated board, and the component 
mounting plan, supplied by the author. Just 
use a hot iron, ensuring at all times that the 
bit is clean and tinned. Dry solder joints 
should really be a thing of the past. Watch 
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8088 SINGLE BOARD COMPUTER 


COMPONENTS LIST 


2 10uF tantalum bead 
12 10nF 


ict 
Ic2 
1c3 2 
IC4 
IC5 
Ice 
ic? 
IC8,1C9 
1C10 
ici1 


quariz 
1 26-way pin header 


oy: 


out for solder bridges and missed connec- 
tions. 

All port lines and data connections are 
brought out on connector K1,a single-in-line 
26-way pin header. The 5-V supply is con- 
nected to a separate 2-way header. On the 
host computer, connect a dual screened lead 
to the OV, RxD and TxD pins of the serial 
port. Also tie the RTS and CTS pins together 
(see the insert in the main schematic diag- 
ram). 


Programming 


The MSDOS operating system for any IBM 
PC contains a machine code debugging fa- 
cility named DEBUG.COM, in which assem- 
bly code can be written, assembled, and 
saved to disk. To start DEBUG, simply type 
the following: 


DEBUG FILENAME.BIN <CR> 


Adjust the maximum number of bytes to be 
saved to disc (1 K). Type 
RCX = <CR> 


and then 


Fig. 2. 


COMPUTERS AND MICROPROCESSORS 


5 a 
-_ 
" 
POWER a 4 
a 20 
Teo — 8 
? wm 
see text 2 00 27 
6 
) 
5v 


Fl R2 t 
o1 

2 % 

- = 


1N4148 


9 101, 


¥1 = 11,0592MHz 


. PPPEEEE) 


| 


4 
tT 
| | 


Ss ANN AANA NASA AAAAAAAAAANSARAARAAAARTENN GUS ANE ARRARAARARAARARARAREARARRARARAAD 
NI 


R14 = 8x 2201: 


5v 


= | 


GILELIEITODIEETEAEEESEELIOETEEEEESEEEEEUE ETE by 


UNANS AAAAAAAARAAAAAAAAARARARRRAAARARAARSST 


Ni 


R16 
RxD 
D2 
1N4001 
BC548 
5 
CHIME 
cy} 
16 5 ag 


Sse) 


i 


+ 


Ss 
BX 
ANANANANAAANARARAAAARSAAAARAARARR SNAANAAAS: ANAAANAAAAAAAARAAAARRRARAR 


ANAANANANAAANAAAAAARAAAARAAAARAAAAND ARARERRAARARAAAERN ERR R 
Ss 


+5¥ 


10) 


aw 
> 
o 


UAAANAAAAAANT AN EARAAAAAAAAARAA RARE AARAAAAAR ES AAARERARARRARARARRARAAR ANS ARRRRERRNT 


reGEEEEE 


NAAAAAATANAAARAAAAAIRAAAAAAAAAAAAASAARARARAAAS ANAABAARARREAS ES EEARARA RAR SSRREERAT 


Beeee ee 


AANAARAAAAAARAAAAAAABAARA ARABS ABERARAARS SARREAASERARERAASERRAARARREERARSERS 


SSSSSS 


([liisbdddsbbiiiiiiidaadddibibaiiiiaaaabiidhe 


5v SV 


a 
Oo © @ © @ 


ic4 1C5——ICT ae 1c10 
cg 


1C4 = 74HC32 


Circuit diagram of the SBC. 
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National Semi 


00040: 


OO1FO: 


Fig. 3. 


400 <CR> 
Next, invoke the resident assembler by typ- 
ing 


A100 9 <CR> 


followed by the lines of assembly code, e.g.: 


MOV DxX,0000 
MOV AL,OF 
OUT DX,AL 
MOV Dx,0001 
MOV AL,55 
OUT DX,AL 


(all ports output) 


send 55H to port A) 


wait) 


Press the carriage return key twice to exit the 


DM745472 


00000: B8 OO OO 8E D8 
00010: BO OF EE BA O1 
00020: 05 00 BO 40 EE 
00030: EE BD 00 04 BF 
A2 00 28 90 90 
00050: F7 AO 00 08 90 
00060: FF FF 03 75 D9 
00070: O00 O00 00 00 00 
00080: 00 00 00 00 00 
00090: 00 00 00 O00 O00 
GCOOAO: OO 00 00 00 00 
0OOBO: OO 00 00 00 00 
oooco: 00 00 00 00 00 
oooDe0: OO 00 00 00 O00 
OOOEO: 00 00 00 00 00 
OOOFO: EA 0O 0O EO FF 
00100: 00 00 00 00 00 
00110: OO 00 00 00 00 
00120: OO 00 00 OO 00 
00130: O00 00 00 OO O00 
00140: 00 00 00 00 00 
00150: OO 00 00 00 00 
00160: 00 00 00 OO OO 
00170: O00 00 G0 00 00 
00180: 00 00 00 00 00 
00190: 00 00 00 00 00 
OO1A0:; OO 00 00 00 00 
001B0: 00 00 00 00 00 
001C0: 00 00 00 O00 00 
001D0: 00 O00 00 O00 00 
OO1EO: OO 00 00 00 00 
EA 00 OO EO FF 


Contents of the system PROM, a 256-byte large 74S472. 
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assembler. Next, type 
W <CR> 


1 Kbytes are written to disk as ‘filename.bin’. 
Next, Enter 


Q <CR> 


to leave DEBUG. The binary file contents of 
‘filename.bin’ can now be sent to the 8088 
SBC via the RS232 port using any communi- 
cations software utility. 

Three ports are available on the 8155: ports A 
and B are 8-bit wide, and port C 6 bits. The 
direction of data flow is controlled by the 
command register of the 8155 (at address 
00000), and is programmed as follows: 


MOV Dx,0000 
MOV AL,X 
OUT DX,AL 


where X is the value to configure the ports, 
taken from Table 1. 

Once the command register is pro- 
grammed, it is a simple matter to send or re- 
ceive data to or from port A (address 0001), 
port B (address 0002), or port C (address 
0003). For example: 


MOV Dx,0000 — ;port command register 

MOV AL,02 port C input, port B 
output, port A input 

OUT DX,AL 

MOV AL,A5 ;data 
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MOV DX,0002 — jport B address 


OUT Dx,AL ;A5 sent to port B 
MOV DxX,0003 — ;port C address 
IN AL,DX ;read port C 
MOV DxX,0001 — ;port A address 
IN AH,DX iread port A 


To provide a virtual memory facility, 
whereby the 8088 board may request a fur- 
ther 1 KBytes of program or data from the 
host PC, the following routine is used: 


MOV DI,00 
MOV BP,0400 (RAM start) 
JMP FFE0:0045 (operating system 


routine} 


Running this three-line program will clear 
the RAM, preparing it for another 1 KBytes 
of program. a 


Note: 
Various publications are available from 
Intel, detailing the programming of the 8088: 

- 8086/8088 Assembler Language Pro- 
gramming, by L.A. Leventhal. RS Com- 
ponents order code 904-851. 

- 8086/8088 16 bit Microprocessor Primer, 
by Morgan & Waite. RS Components 
order code 904-845. 

- Data shects on the 8088 available from 
Intel at: Intel Corporation (UK) Ltd., 
Pipers Way, Swindon, Wilts. SN3 1RJ. 
Telephone: (0793) 696000. 


CONSTRUCTION 


In this third and last 
instalment on the show 
laser we tackle the 
construction and practical 
use of the LSI7000 control 
unit. 


Continued front the June 1997 issue 


The electronic switches in the user interface 
of the laser control unit are controlled by 
small push-buttons fitted on a printed-cir- 
cuit board. Figure 13 shows the circuit diag- 
ram of the control interface and the power 
supply, which consists of two 10-V fixed 
voltage regulators. Regulator 1C3v6 powers 
the coil drivers, and must be fitted with a 
heat-sink. The rest of the circuit is powered 
by ICa05, Diode Dav? protects the circuit 
against reverse input voltages supplied by 
the mains adaptor (here, a 12-15 V d.c. type 
is used), 

Depending on their function, the swit- 
ches take the form of bistables built from two 
inverters (for electronic switches with two 
positions), or counters (for electronic swit- 
ches with 3 or 4 positions). 

The counters are types with an internal 
binary coded decimal (BCD) to decimal 
decoder of which one output is active at a 
time, controlling an electronic switch. Each 
of the counters is incremented by a clock 
pulse supplied by an R-C debouncing net- 
work associated with a particular switch. If 
the counter is at the last state we want to use, 
it will still advance to the next higher (non- 
used) state on receiving a clock pulse. An R- 
C network, however, translates the decoded 
output state into a reset pulse, which returns 
the switch to its first function. The same R-C 
network also resets the switch to the first 
function when the laser control unit is 
switched on. 

The switches with two positions consist 
of two inverters with a feedback arrange- 
ment that results in a change of the logic out- 
put level any time the push-button at the 
input is pressed. This creates a simple toggle 
function. The remaining inverters are used 
as buffers to drive the LEDs that indicate the 
position of the electronic switches. 


ELV 1s: 7000 
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Picture Dimensions 
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Laser Scanning 
interface 


Controls on the front panel 


The front panel of the laser control unit 
(Fig. 14) has a fair number of switches and 
push-buttons. Describing the function of 
these controls, we feel, is more useful than 
analyzing in detail the position of each indi- 
vidual electronic switch on selection of a par- 
ticular function. 

At the left of the front panel we find the 
on/off switch and the associated LED, The 
internal microphone of the control unit is 
fitted behind a small hole in the front panel, 
straight above the on/off LED. The larger 
part of the front panel is divided into two 
identical, horizontal, sections. The upper 
section is for the left channel, the lower sec- 
tion for the right channel. The area to the 
right of the on/off switch contains the ‘ex- 
change’ switch that allows you to swap the 
drive signals for the horizonal and vertical 
output amplifier. The next area on the front 
panel is marked ‘picture dimensions’. When 
the laser control unit is switched on, it is 
automatically set to manual control, with the 
size of the laser pattern determined by the 
position of the ‘level’ control. When the 
push-button is pressed, the switch is set to 
the ‘line’ position. This enables the audio sig- 
nal applied to the LINE or LS input to control 
the size of the laser pattern. The maximum 
size of the pattern, however, is set with the 
‘level’ control. This also applies when the 
next switch function, microphone input, is 
sclected. 

The front panel area marked ‘scanning 
frequencies’ is used for the control of the fre- 
quency components that determine the 
shape of the laser pattern. On power-up, the 
two source selections are set to manual. In 
this, and the automatic, mode, one or both 
generators are switched on. The manual 
mode allows the generator output frequency 
to be set by the front panel controls, whose 


activity is indicated by the LEDs fitted above 

them. For example, the LED above the ‘chan- 

nel 2’ (generator 2) knob is off when the gen. | 
erator has been switched off with the } 
push-button to the right of the knob. In 
‘automatic’ mode, both controls are dis- 
abled, and the associated LEDs are off. You 
may switch on the second generator, how- 
ever, by pressing the on/off switch for chan- 
nel 2. 

That concludes the description of the po- 
sition and the basic function of the controls 
on the front panel of the LSI7000. To get 
started with the system, however, you will 
need to know the order in which the knobs 
and switches are controlled, as well as the 
best position of the laser exciter. 

The size of the laser pattern increases at 
about 30 cm per meter of distance between 
the exciter and the projection surface. This 
means that a distance of 3.3 metres (10 ft. 9 
in.) gives you a maximum pattern size of 
about 1 metre (3 ft. 3 in.). At distances 
greater than 10 m (34 ft.) or so the projected 
image will lose sharpness owing to beam 
divergence. To increase the sharpness over 
larger distances, you may want to fit a lens 
between the beam aperture on the exciter 
and the mirrors. However, even without a 
lens the laser is capable of covering distances 
of 20-30 metres (65-98 ft.). 

Initially, it is best to position the exciter 
such that the beam hits the centre of the pro- 
jection surface at right angles when the mir} 
rors are not driven. Once you have acquired; 
more experience in setting up the system; 
you may want to see what happens when the! 
beam is not at right angles with the projec} 
tion surface, or when a projection surface ig 
used that is not flat. k 

The simplest settings of the control unié 
are ‘manual’ for the picture dimensions, ani 
‘auto’ for the scanning frequencies. Theses 
settings still allow you to switch channel 2 of 
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Fig. 13. Circuit diagram of the control interface in the LSI7000. 


or off. The size of the projected pattern is set 
with the ‘level’ controls, 

With ‘scanning frequencies’ set to ‘ma- 
nual’ on the left and right channel, have a 
first go at projecting a decent pattern. Switch 
off both ‘channel 2’ generators. Turn one of 
the ‘channel 1’ controls to about 4 of the 
maximum frequency. Next, operate the 
other control until a suitable pattern is pro- 
duced. The best setting is that where a pat- 
tern is not repeated for a second or so. Faster 
changes will result in an unsteady image, 
which makes further adjustments difficult. 
Once a stable pattern is obtained, switch on 
one additional generator (channel 2), and 
stabilize the pattern again by turning the as- 
sociated control, If this works, switch on the 
fourth generator, or set one of the other con- 
trols to a different function. The thing to re- 
member about the initial settings is that you 
must work from one stable pattern to an- 
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Fig. 14. 


GENERAL INTEREST 


Component overlay of the controls board. 


other by operating one control at a time. If 
you do not follow this procedure, the pattem 
will become so unsteady that the effect of 
operating a control is hard to trace. 
Having acquired the feel of the static con- 
trol of the laser beam, you are ready to 
examine the possibilities of the audio inter- 
faces and the internal microphone. While ex- |, 
perimenting, bear in mind the potential | 
hazard of the laser beam. Always make sure | 
that the laser spot is moving (a straight line 
is all right as a kind of minimum pattern). 
Therefore, in the interest of your audience's | 
safety, make sure there is always at least one 
modulation signal for the laser. Never select 
audio drive of the picture size on both chan- | 
nels — when one signal fails, the stationary | 
laser beam creates a possibly hazardous situ- 
ation. . 
Construction 


As already noted, the laser control unit isa 
complex project that will keep you busy sol- 
dering for several hours. The layouts of the 
two double-sided through-plated printed- - 
circuit boards used to build the LSI7000 are | 
shown in Figs. 15 and 16. The smaller PCB : 
(Fig. 16) containing all controls and the LEDs , 
is fitted vertically behind the front panel. 

Take your time to assemble the two’ 
boards. Look carefully at the component ' 
overlay, and make sure you do not insert a 
component wire in a hole that serves as a 
through-contact between the tracks at the ’ 
component side and the solder side. 

Start the construction by fitting the 100-' 
kQ resistors, followed by those of 10 kQ and 
1 MQ. This clears the bulk of the resistors. 
The remaining resistors are best fitted in, 
order of ascending value, according to the 
components list. 

Proceed with the diodes, the solid capaci- | 
tors, the electrolytic capacitors (those on the 
controls board are fitted horizontally), the , 
transistors, switches and connectors. Since 
transistor T301 is fitted directly under the: 
on/off switch, it must be pushed as far as 
possible towards the PCB before it is sok; 
dered. : 

Before soldering the connectors, make 
sure they align with the rear panel of the en-. 
closure. The same goes for the presets on the; 
controls board, which must be positioned 
such that they are straight behind the holes. 
provided in the front panel. The plastic: 
shafts are cut to a length of 20 mm (exclud-. 
ing the clamps) before they are press-fitted | 
into the presets. ; 

The integrated circuits are fitted on the}. 
board last. Start with IC3n6, and fit it to the 
heat-sink supplied with the kit. Check si 
double-check the orientation of each IC ont 
the boards. 

The microphone element is inserted from | 
the solder side, so that its front side is at}: 
about 8 mm (34") above the component sidef : 
of the board. The connecting pins for the). 
microphone, ST1, ST2 and ST3, are fitted at). 
the solder side. The microphone housing|” 
connection (a small copper track) is soldered 
to the centre PCB pin, ST3. The wire marked 
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470kQ 
4kQ7 
2k02 
A7TkKQ 
1kQ 


68kKQ. 
22kQ 


10kQ preset H 


100kQ preset H 
820kQ 
100kQ 


SkKQ3 
680k2 


COMPONENTS LIST 


R1:R4;R104:R105;R108;R149;R151; 
R175;R204;R205;R208;R249;R251; 
R275;A304°R305;R308:R315 
R2;R5;R158;R258 
R3;R6;)R7;R8;R14:R15;RA16;R24:R25; 
R28;R29;R30;R38;R39;R42;R43;R46; 
R47:R65;R67;R109;R110:R159:R160; 
R164;R165;R178:R181:R183;R209- 
R210-R259:R260;R264; R265:R278 3R281; 
R283;R309;R310 
R9;R10;R11:R21;R35;R50-R53; R64: R66; 
R68;R89;R101:R103:R106:R107:R1 14; 
R115;R116;R120:R123;R125:R126; R132: 


/R136;R137:R138:A143;R144:A154:R156: 


R157:R169-A172:R1 76:R179:R182;R201- 
R203;R206;R207;R214;R215;R216;R220- 
R223;R225;R226;R232;R236:R237 R238: 
R243:R244;R254:R256:R257:R269-R272; 
R276;R279;R282;R301;R303;R306;R307; 
R314 

R12 

R13 

R17;R31;R135;R235 
R18;R19:R32;R33:R121:R174;R221;R274 


R20;R34;R48;R49;A111:R177:R180:R184; 


R185;R186;R21 1;R277;R280;R284:R285; 
R286;R311;R316;R317;R318 
R22;R36 


R23;R27;R37;R41;A112;R128;R130;R139; 


R145;R212:R228:R230;R239:R245;R312 
R40;R26 

R44;R45:R133;R293;R246 

R54;A58 

R55:R59 

R56;R60 

R57;R61 
R62;R63:A119;R173:R219:R273 
R102;R202;R302 

R113;R213;R313 

R124;R224 

R127; 1R142;R148;R227 ;R240;R242;R248 


-RISTR2G1 
~R134;R146;R234 


R140;R153;R155;R253;R255 

R141 :R147:R241:R247 
R150;R152:R250:R252 
R161;R162;R166;R167:R261 -R262-R266; 
R267 

R163:R168;R263;R268 
R187;R188;R287;R288 


100uF tev 
1pF 16V 


20 100nF 


Semiconductors: 


A70uF 16V 
4700uF 16V 
2nF2 

470nF 

1F solid 
10nF 
1000uF 40V 


16 1N4148 


4 


DX400 * 


25 LED red 3mm 


SOhOAhONM =] AWD + 


N 


1N4001 
BC548 
BF245B 
LM358 
TDA1074A 
TDA2003 
LM324 
XR2206 
4049 
4017 
4053 


7810 


©208; ieatal Cevascee 
C312 sites 

C8013 

C9:C14 

C10;015 

C18:024:C31 1C119:6120: C219; ;C220 
C19:C21;C104:C106:C122:0125:C204:0206; 
©222:C225:C304;C306 
€20;C25;C26;C28;C32:034:C36:C101 6103; 
©127:0129:C131:6201;C203 36227;C229; 
€231;C301;C303;C307 

C23;C30 

C27;035 

0102;0113;C202:C213;C302 

C110;0210 

6121;C124:0221 :C224 
G126:C128:0130;C226;C228;0230:0313 
C308 


D1-D4;D101;0102;0115;D116;D117;0201; 
D202;D15;D216;D217;D301:D302 
D103;D104;D203;D204 

D105;0107-D1 14:01 18;0205:D207-D214; 
D218;0303-D306 D308 

D307 

T1-T4;T102;T202 

T101:T201:T301 

1C1;162:10107;1IC207 

IC4 

IC5:IC6 

10101-10104:1C201 -IC204:IC301 
16105;1C106;IC205:1C206 : 

IC 108;IC1 10;1C113:1C213:1C302 
16109;1I6112;IC209:1C212 
10414310114:10115:10211:1C214:1C215; 
IC303;1C304 

IC305;IC306 


* changed w.r:t. circuit diagram. 


Miscellaneous: 

7 PCB mount press TA101;TA102;TA103;TA201 ‘TA202; 
key TA203;TA3O1 
DIN type LS socket BU1;BU3 
PCB. mount RCA socket BU2;BU4 
PCB mount 3.5mm jack socket 

PCB mount 3.5mm jack socket, stereo 
miniature on/off switch 

electret microphone 

heat-sink for 1C306 

printed circuit board (main circuit) 

printed circuit board (controls circuit) 

ABS enclosure 


Se ee a 2 | 


Capacitors: 

10 47nF 
C310;0314 

3 47uF 16V C3:C11:C16 


24 10nF 16V 


with a small ‘+’ sign is connected to STI, and 
the wire marked with a ‘—’ sign to ST2. Al- 
though not strictly necessary, you want tose- 
cure the microphone element with a drop of 
glue. 

Perform a thorough visual check on the 
completed PCBs. With over 500 components 
handled during the construction, small mis- 
takes occur easily, and can force you to 
spend hours of precious time faultfinding. 
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€1;02;0116:C147:C118:C216;0217:0218; 


G4:05;C6;C12;C17;C22:C29:C105:C107; 
C108;01114;6112;0114;0123;0205;C207; 


JULY/AUGUST 1991 


For example, on our own prototype, we for- 
got to solder two of the eight pins of an IC. 
Fortunately, this error was detected during a 
careful visual inspection. 

The lower half of the enclosure serves as 
a kind of template for the fitting of the main 
board. The front side is the side with the air 
slots. Remove the small protruding parts at 
the inside of the slot in the rear side. These 
parts normally serve to keep the rear panel 


Note: owing to space restrictions the track layouts of the two double- 
sided printed circuit boards are notincluded here. Readers wishing to 
make their own PCBs for this. project may obtain the necessary artwork 
from our editorial offices, quoting ‘EV laser control LSI7000'. 


in place, and must be removed here because 
the PCB reaches up to the rear panel, Slide 
the main board into the enclosure, and place 
the controls board and the front panel in 
front of it. Adjust the position of the main 
board such that the connecting copper pads 
on itand the controls board align. Make sure 
that the controls board is at right angles with 
the main board. First, join the connections at 
the far sides of the boards with a small 
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amount of solder. If necessary adjust the po- 
sition of the boards before joining the con- 
necting pads with solder. 

Remove the PCB assembly from the en- 
closure, and fit the remaining connections 
between the main board and the controls 
board. Finally, connect the lower two termi- 
nals of the on/off switch to PCB terminals 
ST301 and 302. 

The circuit is electrically functional at this 
point, and ready for testing. To prevent short 
circuits caused by stray component wires left 
on the workbench, fit the PCB assembly in 
the lower half of the enclosure. Do not con- 
nect the mirror galvanometers as yet, and in- 
sert an ammeter in the input supply line. 
Switch off immediately and investigate for 
construction errors if the unit draws more 
than 300 mA. 

The following LEDs should be on after 
then unit is switched on: D107, D112, D113, 
Duis, D207, D212, D213, D218, D303, D304 and 
D308. Check the selection functions by press- 
ing the push-buttons, Each action must 
cause the next LED to light. If this does not 
work, investigate the relevant part of the cir- 
cuit, 

If the above tests check out, the laser ex- 
citer may be connected to the control unit. If 
you do not want to use the exciter at this 
stage, connect an oscilloscope set to X-Y 
mode to the mirror coil outputs. 

The final assembly of the laser unit is 
fairly simple: place the PCB assembly, 
together with the front and rear panel, in the 
lower enclosure half. Next, insert the four 
bolts from the underside, and fit a washer 
and a PCB pillar on each of them. Place the 
top half of the enclosure on the lower half. If 
necessary, use a small screwdriver to align 
the PCB pillars until the end of the bolt 
passes through the hole in the mounting 
boss in the top half of the enclosure. Next, fit 
the nut in the mounting boss, and tighten the 
bolt. Finally, fit the feet on the lower half of 
the cabinet, and the cover caps on the top 
cover. a 


Fig. 15. Component overlay of the double- 
sided, through-plated, main board In the 
LSI7000. 
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PART 2: THE POWER 
DRIVER BOARD 


In this second and final 
instalment of the article we 
discuss the power driver 
board that sits between the 
PC interface described last 
month, and the stepper 
motors. Although 

designed to work with the 
PC interface, the power 
driver card can be 
connected to any other 
type of computer that 
provides a 16-bit wide I/O port. 


H. Kolter 


Continued from the June 1991 issue. 


Tables 1 and 2, which could not be included 
in part 1 of this article, are given here. 


TTL-to-current converter 


The function of the power driver board is 
quite simple: it converts 16 TTL-level signals 
into an equal number of outputs with a drive 
capability of 2 A each. Provided a separate 
transformer is used, the same board can be 
used to power loads up to 3 A at 23 V. 

An application example of the stepper 
motor control was discussed last month: a 
CNC-controlled fraise machine weighing no 
less than 250 kg. If you do not have such a 
weighty application in mind, rest assured 
that the control described is suitable for any 
other project where up to four unipolar step- 
per motors are to be driven. 


The circuit 


The operation of the circuit shown in Fig. 5 is 
identical for all 16 channels. At the input we 
find a double-row pin header, K2. This con- 
nector forms the only point where the 
ground of the PC interface card or any other 
TTL-compatible port is connected to the 
power driver card. Each TTL input signal 
controls a LED in an optocoupler (IC2-IC17) 
via a series resistor. Note that the cathodes of 
the LEDs are taken to a common input 
ground connection. The series resistors are 
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contained in two DIL (dual-in-line) arrays of 
8 resistors each. The arrays are fitted in IC 
sockets, which enables the resistor value to 
be changed as required when optocouplers 
other than the CNY17-2 are used. The emit- 
ters of the transistors in the optocouplers are 
also commoned and taken to the ground 
connection of the board. Each collector is 
connected to a pull-up resistor to the +5-V 
supply line. Like the LED series resistors, the 
pull-up resistors are contained in 8-way ar- 
rays (AR3; AR4). Note, however, that these 
are SIL (single-in-line) arrays rather than 
DIL arrays. Each optocoupler transistor is 
followed by an inverter (IC1s; ICi9), which 
passes the signal to a driver contained in a 
74LS245 (1C21; 1C22). This LS-TTL IC is ca- 
pable of supplying the necessary base cur- 
rent for the power transistors, T1-T16. 

The logic level applied to the DIR input 
(pin 1) of the 74LS245 defines the data direc- 
tion. Since DIR is tied permanently to +5 V, 
the bit pattern supplied by the inverters is 
fed direct to the power transistors and the 
two LED arrays, LED1 and LED2. The active- 
low ENABLE (G) inputs of the bus drivers 
are taken logic high by pull-up resistors, but 
can be made low by fitting a jumper (J1; J2). 
When Ji or J2 is removed, the relevant 
74LS245 is switched to its high-impedance 
output mode (three-state), so that all eight 
power transistors driven by it are switched 
off. When required, the jumpers may be re- 
placed by a double on/off switch that acts as 
an emergency stop control. 

The base currents of the 16 TIP3055s are 
limited by 100-2 resistors contained in ar- 
rays AR5 and ARs. When a transistor is 
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switched on, the associated LED in array 
LED1 or LED2 lights, Each LED in these ar- 
rays is driven by a 74LS245 output via a 1-kQ 
series resistor. The LED arrays are intended 
mainly to assist you while running an initial 
test on the stepper motor control. The LED 
bars show the status of all 16 motors at a 
glance, and will be found much more handy 
than a TTL probe, a multimeter or an oscil- 
loscope. 

Each collector-emitter junction of the 
power transistors is shunted by a diode Type 
1N4007, which suppress back-e.m.f. pulses 
generated when inductive loads are 
switched. The collectors of the power tran- 
sistors are taken to a connector pin in groups 
of four. The connectors used are 9-way sub- 
D types (K3-Ks). Besides the collector volt- 
age, each connector carries the unregulated 
motor supply voltage, and ground. 

The supply circuit of the power driver 
board is conventional. The 12-V secondary 
windings of the mains transformer, Tri, are 
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connected in parallel. The rectified and 
smoothed voltage is fed to connectors K3-Ke, 
and to the input of voltage regulator IC, 
whose 5-V output voltage is used for the 
74L5S ICs on the board only. 


Construction 


The printed-circuit board used to build the 
power driver is shown in Fig. 6. It is recom- 
mended to use of sockets to fit the ICs, opto- 
couplers, resistor arrays and LED arrays. 
The latter may taken from their sockets on 
the board and mounted on the front panel of 
the enclosure, This requires two lengths of 
flatcable and a handful of IDC-style plugs 
and sockets. 

The four rectifier diodes, D1-D4, may run 
fairly hot and must be fitted at a distance of 
]-2 mm above the board. The voltage regula- 


| Table 2. Overview of port lines and 
| control functions. 


Port A: bit 0-3 = Motor 4 (x) 
bit 4 - 7 = Motor 2 (Y) 


Port B: bit 0 - 3. Motor 3 (Z) 
bit 4 - 7 = Motor 4 (reserved) 


CO = Timer 0 
C1 Timer 
C2'= Timer 2 

C3 = emergency switch 
C4 = output 


Input port (IC4): 
Bit 0: end switch XO 
end switch X1 
end switch YO 
end switch Y1 
end switch Z0 
end switch 21. 
end switch WO 
end switch W1 


(IC4): 
base + 8 


Fig. 5. 
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Circuit diagram of the 16-channel booster for stepper motors. The circuit accepts Tye j 
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STEPPER MOTOR BOARD - 2 
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input signals, and is capable of powering loads up to 3A when an external power supply is used. The on-board supply is good for 2 A. 
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Fig. 6a. Component overlay of the stepper motor interface board. 


COMPONENTS LIST 


Resistors: 1 10uF 16V radial C2 3 74LS04 (018:1C19:1620 
2 1kO AL:R2 2 74.8245 io21:1C22 
4 8-way 1kQ DIL AR1;AR2;AR7; Semiconductors: . 


AR8 4 1N5418 D1-D4 Miscellaneous: 
2. 8-way 1k&2 SIL AR3;AR4 16 1N4007 D5-D20 1 2-way PCBterminal block ~—_-K7 
2° 8-way 1002 DIL ARS;AR6 16 TIP3055 T1-T16 14 26-way PCB mount box K2 
2 RGB1000 (Siemens) LED1;LED2 header - 
Capacitors: 1 7805 Ci 4 9%-way PCB mount sub-D K3- 
1 4700uF 25V C1 16 CNY17-2 (Telefunken) 1C2-IC17 __ socket with angled pins 
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| Fig. 6b. 
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Component side track layout (mirror image). 


tor and the power transistors do not require 
heat-sinks when the indicated 12-V transfor- 
mer is used. However, if you use a higher 
motor supply voltage (which is possible by 
using an external transformer), the TI?3055s 
will require additional cooling. The layout of 
the PCB allows ready use of a common heat- 
sink for groups of four transistors. Note that 
the transistors must be electrically isolated 
from another by means of mica washers and 
plastic bushes. 

The 9-way sub-D connectors on the PCB 


are types with angled solder pins. This en- 
ables them to be fitted horizontally and pro- 
trude from the enclosure rear panel. 

To ensure proper earthing, the enclosure 
for the power driver board is preferably a 
metal type. The earth line is then connected 
to the bottom as well as to the front plate. 


A simple test program 


The source code of a small Turbo-Pascal pro- 
gram given in Listing 1 allows you to runa 
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Fig. 6c. 


quick test on the complete stepper motor 
control system. 

When the two PCBs (PC insertion card 
and power driver card) are complete, con- 
nect them with a length of flatcable via K2 at 
the PC side, and K2 at side of the power 
driver board. The flatcable simply connects 
all pins with the same numbers at cither side. 

Connect a unipolar stepper motor to Ks. 
Unipolar motors usually have four windings 
(phases), but only six connecting wires since 
pairs of two windings each are intercon- 
nected in the motor. This means that you will 
have to find the common connection first 


Solder side track layout (mirror image). 


with the aid of an ohmmeter, and then con- 
nect it to the +Ub pins on the 9-way connec- 
tor (see the pinning of K3). The four 
remaining wires belong with two windings. 
Identify the windings with an ohmmeter, 
and connect the associated wires to two ad- 
jacent transistors on the power driver board. 
For instance, winding 1 is connected to T1- 
T2, and winding 2 to T3-T4. 

After connecting the stepper motor, load 
the test program, compile it and start it. The 
software slowly increases the speed of the 
motor to the maximum, and then reduces the 
speed. The programming steps responsible 


for this speed control are readily traced in 
the listing. You may find the ramp-based 
delay routine in the test program useful for 


your own applications. If so, simply copy the | 


relevant routine, adapt it (if necessary), and 
insert it in your own software. After chang- 
ing the port addresses the same program 
may be used to test the other three motor 
channels. 


Tuning 


In many cases, the stepper motors used will 
be too slow. Also, the maximum step fre- 
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Listing 1. This Turbo-Pascal program con- 
trols the X-axix motor with the aid of a 
start/stop ramp, which is one of the most 
important functions required for smooth 
operation of a steppr motor. 


quency is often difficult to ascertain from the 
motor’s data sheets. In practice, the value 
stated must be divided by the number of 
phases (windings) of the motor. This leaves 
you with a much lower frequency, which is, 
however, a more realistic indication of the 
maximum speed of the motor. So, do not sus- 
pect the hardware or the software when 
your motor fails to run as fast as promised in 
the datasheet — you may well have achieved 
the real maximum already. 
The author has implemented a ‘turbo’ 
mode for the control of the CNC fraise ma- 
| chine mentioned in part 1 of this article. In 
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CONTROL SEQUENCES | 
FOR UNIPOLAR 
_ STEPPER MOTORS | 


| Four-phase unipolar stepper motors are 
controlled by switching windings (phases) 
on and off as shown below. The control | 
word sequences given result in clock-wise 
rotation of the motor spindle. The motor 
reverses when the order of the sequences 
is reversed. 


Full-step mode 


Step 11. 12 


1 1 


Half-step mode 


Step 1 T2 3 4 
1 4 0 1 0 
2 1 0 0 0 
3 1 0 0 1 
4 - fe 
5 0 1 0 4 
6 0 1 0 0 
7 0 1 1 0 
8 > ...1 0 
4 1 Oe, 3 8 


1 = transistor on 
0 = transistor off 


Note that although the minimum step dis- 
tance of a mechanical device operated by a 
stepper motor is halved by using the motor: 
in half-step mode, this results is a reduction - 
of the maximum rotational torque and maxi- 
mum step rate. The cause of this degraded 
performance in half-step mode.is that only 
“one motor winding is actuated during the 
intermediate steps (2, 4, 6 and 8). By con-» 
trast, in full-step mode two phases are al- ° 
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this mode, the stepper motors are operated 
at two times their nominal supply voltage of 
12 V, which, according to the datasheets sup- 
plied by Oriental Motors, does not exceed 
their specifications, since the maximum step 
rate is achieved at 24 V. The software de- 
veloped by the author programs motor 
channel 4 (Ko) such that it supports the 
‘turbo’ function. Transistor T13 is connected 
toa relay that switches the supply voltage of 
the stepper motors between 12 V and 24 V. 
The ‘turbo’ mode results in much higher 
motor speeds, which can be quite useful in a 
number of applications. Interestingly, the 
motors used do not run hot even when run- 
ning at the maximum speed for long periods. 
It should be noted, though, that doubling 
the supply voltage is not possible on all step- 
per motors. To find out whether a particular 
type is suitable for the ‘turbo’ mode, consult 
the datasheets, or simply try it out. a 
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Faultfinding in analogue circuits 


Voltage analysis 


If a circuit ceases to function and it shows 
no visible damage, a voltage analysis should 
be the first step in locating the fault. Voltages 
can normally be measured without the need 
of breaking connections or the removal of 
components, The level and polarity ofa volt- 
age are two aspects that indicate the state of 
a component or circuit. Because of that, 
many circuit and wiring diagrams give the 
voltage level and polarity al important junc- 
tions. Such indications are a great help in fault- 
finding, but even without them, the voltage 
at many points in a circuit is known. For in- 
stance, the potential across a p-n junction of 
a diode or the base-emitter junction of a 
transistor should be 0,.2-0.4 V (germanium) 
or 0.6-0.8 V (silicon). 

Polarity, too, may be an indication whether 
a single semiconductor is defect or not. For 
example, in the case of an n-p-n transistor 
with correctly set operating point, the base 
is always positive with respect to the emit- 
ter and negative with respect to the collec- 
tor—sce Fig. 51. Ifthe emitter voltage is taken 
as reference, the base potential should be 
+0.20.6 Y, while the collector should have 
amuch larger positive potential—see Fig. 52. 
These polarities are reversed in p-n-p tran- 
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sistors. 

If the measurements do not accord with 
what has been said, either the transistor it- 
self or a component determining its operat- 
ing point may be defect. Note, however, that 
there are applications in which, for instance, 
the base of an n-p-n transistor is purposely 
negative with respect to the emitter. 

Usually, the collector current decreases 
when the base-emitter voltage is reduced, 
while the collector-emitter voltage rises. A 
simple test is, therefore, measuring the col- 
lecttor-emitter voltage and, while the equip- 
ment is on, short-circuiting the base-emitter 
Junction. 

If there is a resistor in the emitter circuit, 
the voltage across that may be measured— 


by F.P. Zantis 


see Fig. 53—while the base ts short-cir- 
cuited to ground; the collector current will 
then drop to zero. Consequently, the voltmeter 
will show a large reduction in the potential! 
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total current 


drop across the emitter resistor. 

Similar measurements may also be carried 
outon field-effect transistors—FETs—but in 
these the correct interpretation of the vari- 
ous voltage ratios is rather more difficult owing 
to the large number of different types (al- 
though there are only six basic types). The 
most frequently encountered type is the n- 
channel, insulated-gate FET, shown ina lyp- 
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ical circuit in Fig. 54. Taking the source (S) 
terminal as reference, there should be a small 
negative vollage at the gate (G) and a large 
positive voltage at the drain (D). [If the cir- 
cuit ground is taken as reference, there should 
be no voltage at the gate, since no current 
flows through gate resistor Rj. If the circuit 
of Fig. 54 is in actual operation, it should 
be borne in mind that the measurements 
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greatly reduce the input impedance of the 
circuit and thus affect the circuit. 

For voltage measurements in a valve cir- 
cuit as shown in Fig. 55, ground is taken as 
the reference. The full supply voltage, de- 
coupled by R> and Cs, should exist at the 
screen grid. Owing to the drop across the 
d.c. resistance of the output transformer, the 
voltage at the anode will be slightly smaller 
than that at the screen. The usual voltage at 
the cathode is 3-8 V. There should be no 
discernible voltage at the signal grid; if there, 
is, cither the valve or capacitor C7 is defect. 


Current analysis 


Current measurements normally mean break- 


MEASUREMENT TECHNIQUES - PART 6 


ing connections, involving time and effort, 
and are, therefore, normally only carried out 
when voltage analysis has failed to come up 
with an answer. There are, of course, cir- 
cuits that facilitate current measurements 
by the incorporation of special wire bridges 
that are easily removed, or even of the plug- 
in type. Battery connections are often easily 
broken at the battery. Fuses also provide an 
easy means of measuring current. 

Figure 56 shows the results of some cur- 


rent measurements in an audio amplifier. If 


the current rises sharply immediately the 
amplifier is switched on-—curve 1—the cause 
is almost certainly a short-circuited output 
transistor. Curve 2 possibly indicates incor- 
rect stabilization of the operating point or a 
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oscillator 


defect regulator in the mains supply. If the 
currentremains at a steady low level, the fault 
is normally an open connection (often in the 
output transistor circuit—curve 3. The cor- 
rect current ts indicated by curve 4: initially 
it rises sharply but soon tails off to its nor- 
mal level. 


Bias setting 


Examples of both voltage and current anal- 
ysis will be given on the basis of setting the 
bias voltage in an audio output stage with 
feedback—-see Fig. 57. The potential at point 
P, with respect to earth, must be half the sup- 
ply voltage, 0, and this is set accurately with 
the aid of P|. The quiescent direct current 1s 
set with P>. 

The quiescent current is measured by re- 
placing fuse F by an ammeter or by measur- 
ing the voltage across R, or Ro». In the first 
case, the current may be read directly on the 
ammeter, while in the second case it is cal- 
culated according to Ohm's law, [In direct cur- 
rent measurements, the internal resistance 
of the ammeter will affect the readingt. The 
meter resistance in voltage measurements 
may be ignored, since it is much smaller 
than the value of either Ry or R>. The volt- 
age Is fairly small: 100-300 mY. It is ad- 
visable, before starting the measurement, to 
calculate the approximate voltage level, then 
measure it on the correct meter range, and 
finally adjust the potentiometer. If, for in- 
stance, both R; and R2 are 0.82 Q, and the 
required quiescent currentis 50 mA, the volt- 
age across either resistor should be 41 mV. 
The voltmeter should thus be set to the 100 
mV range. 


Resistance analysis 


Resistance analysis is used in faultfinding 
when the fault has already been isolated by 
voltage or current analysis. It is, of course, 
also useful if the equipment can not be switched 
on during faultfinding. 

In valved equipment, whole sections may 
be examined for short circuits, open circuits 
or leakage. This is normally not possible im 
solid-state circuits, since the internal resis- 
tance of semiconductors is invariably low 
and, moreover, ils value varies according to 
the polarity of the meter. Before the power 
to a section of a circuit is switched on, it is 


AF preamp 


AF driver 


power 
amplifier 


900113-VI-19 


96! TEST & MEASUREMENT 


strongly advisable to check with an ohmmeter 
that there are no short circuits in either the 
components or the connecting wires or tracks 
in case of a PCB, 


Signal tracing 


A fault in a multi-stage audio amplifier is 
rapidly tracked to a particular stage with the 
aid of a signal applied to each stage individ- 
ually or to the input and traced through the 
amplifier. 

In the first case, a signal from an a.f. sig- 
nal generator, or from a circuit as shown in 
Fig. 58, is applied first to the output stage 
and the output measured. If that is all right, 
the signal is applied to the driver stage(s) 
and the output checked. In this way, the sig- 
nal is applied to the various stages back- 
wards from the output, until the faulty stage 
is found. 

The signal may also be applied to the 
input of the amplifier and then traced from 
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the input onwards to the output. That stage 
which does not process the signal correctly, 
or not at all, ts the faulty one. 

All further faultfinding can now be con- 
centrated on the faulty stage. 

These methods of faultfinding may also 
be used in rf. and 1.f. amplifiers, but an ap- 
propriate r.f. or i.f. signal generator must then, 


of course, be used for the stages preceding 
the audio section—see Fig. 59, 

As before, signal tracing is carried out from 
the input onwards. The input may be the 
first stage of an a.f. amplifier or the antenna 
input of a radio or television receiver. The 
output of each successive stage must then 
be inspected: this may be done with the aid 
of headphones in an audio amplifier. A sud- 
den disappearance. distortion or attenuation 
of the signal at the output stage will indicate 
a faulty stage. If faultfinding is carried out 
frequently, it is advisable to obtain a signal 
tracer, which replaces a fairly expensive a.f, 
orr.f. generator and millivoltmeter. The prin- 
ciple of such an instrument is shown in Fig. 6(0— 
see also Ref. |. (900113-VI 
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A REVIEW OF BOARDMAKER 


EW to the European market, but firmly 
established in the United Kingdom are 
the range of integrated software packages 
for PCB and schematic drawing that are pro- 
duced by Tsien in the English countryside 
close to the university town of Cambridge. 
There are three packages in the range 
from the introductory version BoardMaker-1, 
which ts for the occasional use professional 
and amateur markets, up to BoardRouter, 
which is a full autoroutcing design package 
to rival many costing ten times as much. 
Since the more comprehensive packages are 
based on the facilities of BoardMaker-1, it 
is proposed to start at this point and work up 
noting the siginificant differences in the 
range. 


BoardMaker- 1 


Any PCB designer familiar with the use of 
pre-drawn symbols, pads and tapes will find 
little difficulty in using the software equiva- 
lent of his or her manual method. BoardMaker-1 
is exactly that, an introductory package 
that allows the designer to produce as a com- 
puter file the basic data necessary to pro- 
duce an output on a ploter or laser printer 
that can be converted into an actual circuit- 
board either in-house or by an outside agency. 

Readers who have already seen EasyPC 
from Number One Systems will find that 
BoardMaker-I is very similar but has added 
to it a number of features that enhance its 
ease of use to a large extent. Loading of sofi- 
ware is carried out by typing INSTALL from the 
A: prompt and following thr rest of the on- 
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screen instructions. On starting the program, 
there is an initial menu screen that offers the 
choice of PCBN drawing, schematic draw- 
ing or entry to the library building options. 
If it sounds like EasyPC, that is not too sur- 
prising. With shades of Silicon Valley in the 
English countryside, Tsien was formed by a 
break-away group from Number One, who 
could not see the full potential that the Tsien 
guys could see for ther product. 

There is little point in trying to give all 
the basic details of BoardMaker- I's capabil- 
ities In a review such as this, since it would 
be impossible to cover everything and the 


job is done much better by the demonstra- 


tion package that Tsicn supply free. TYhe 
demonstration pack comes with an excel- 
lent 68-page manual. Having spent the time 
to go through it thoroughly, you will be left 
in no doubt as how to operate the software 
and its full capabilities. 

At £95, BoardMaker-| must be compared 
directly with EasyPC at £98. All BoardMakers 
run on any PC or compatibvle from the XT 
to the latest 386 machines and if working away 
from the office on portable machines. 
BoardMaker is designed principally to work 
with EGA or VGA monitors and with these 
there are six colour options to display lay- 
ers, witrh white reserved as a seventh for items 
onall layers such as IC pads. All BoardMakers 
can make use of eight trackable layers with 
two others forthe upper and lower silk screens. 
All of the ten possible layers are held in 


memory and can be shown by selecting « 


colour for the layer although on.y six can be 
shown at any one time. In the case of CGA 


monitors, the colours are limited to red, blue 
and white. With the CGA or Hercules graph- 
ics ina portable PC, there is no colour but 
the software is still fully operational although 
the author would tend to limit its use to sche- 
malic drawing where the layers of a PCB 
are disabled and colours insignificant. In 
fact, in such a way BoardMaker would make 
an ideal service engineer's toll where all the 
latest schematics coul;d be held on file and 
examined in detail without the reproduction 
problems of other methods. 

Outputs are available as HPGL, Gerber 
and NC Drill files so that the output can be 
used in-house or sent away for PCB manu- 
facture. 

BoardMaker-1 offers a number of advan- 
tages that any occasional PCB designer will 
find extremely helpful. The colour advantage 
prevents BoadMaker-1| from being a toy and 
puts it into the occasional usage professional, 
educational and amateur markets, where 
manual routeing and low cost are expected, 
Symbol design is included in the package as 
each designer will have his own require- 
ment and itis a waste of space and cost to have 
a vast range of symbols most of which will 
never be used. However, a good starter pack 
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is included for PCB layouts, less so for sche- § 


matic symbols. 


If, from the initial menu we take the route | 
into the PCB drawing, we are presented with |: 


a windows type menu with seven across the (- 


top and a band across the bottom with de- 
tails about the current status. Inthe centre is 
a box representing the full 1717 inch draw- 
ing area and a smaller cursor cross in the 
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centre. The menus are best described in the 


demonstation manual, but the most important 


part is that from intial entry the whole of the 


software is menu, and therefore mouse-driven. 
Initial investigations should be made in the 
configuration menu to set up the mouse speed 


_ and type, although a quick look around in 
_ this menu reveals some of the vast range of 


capabilities, Pressing ‘escape’ or the right- 


hand mouse key pulls you back up the menus 
to the intital screen, 

To load a drawing, you simply place the 
cursor on the “load” menu and press the left- 
hand mouse key. This changes the bottom line 
to ask the file name. Nop need to worry of 
you can't remember the name of the file you 
want: a second press of the left-hand mouse 
key pulls down the window with all of the 
filenames and the one needed can be dragged 
onto the drawing screen with the mouse. This 
is nol to say that the keyboard can not be 
used as all of the pull-down menus have 
quick access routes through the keyboard and 


as the user becomes more familiar with the 
| software he will tend to work with one hand 


on the mouse and the other on the keyboard. 

Adding to this a highlighter to check track 
connections and a design rule checker for pad- 
pad, pad-track and track-track clearances gives 
the occasional user a high-quality package 
that can be expanded at a later date. For 


- boards where a ground-plane is needed, there 


isa flood fill facility that will make BoardMaker-| 


, ideal for the RF designer when other facili- 
| ties found in more expensive packages may 
| be unnecessary. 


—BoardMaker-2 
| Adding £200 to the cost of BoardMaker-1 and 


with the addition of netlisting and ratsnest cre- 


ates Boardmaker-2. Thus, BoardMaker-2 


forms the heart of a comprehensive 


_ PCB/Schematic design package. At present, 
no integrated schematic package is avail- 


able, but this is on the way. In the mean time, 
netlists can be imported from practically any 


| schematic capture package via translators gen- 
| erated as an ASCII file and imported or cre- 
_ ated through the ratsnest facility on the PCB 


drawing screen. 
Adding netlisting adds vastly to the check- 


_ ing capabilities of BoardMaker-2, ensuring 


acorrect PCB at first try, and adds aneighth 


- menu option at the top of the screen. This extra 


| menu relates to the netlisting facilities. 


For those unfamiliar with the concept, a 


_ netlist is the ASCII file that describes in 


great detail] the connections in a schematic 
diagram, their relationship to the components 
on a PCB via the pin numbers and to the 
board layout itself. Their visualization on 
the PCB drawing is a set of crossing lines 
that indicate all of the connections that must 
be made on the final PCB. Once seen, the 
reason for their common name of ratsnest is 
obvious, 

The reason that ratsnests are so impor- 
lant is that the original information fromes 


froma circuit diagram and is thus more likely 


to be correct tha any attempts at designing 
aboard without the schematic drawing stage. 
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When pulled into the PCB drawing, the rat- 
snest lines allow the designer to place each 
component in the best position for theb tracks 
to be placed. As an example, a PCB drawn 
by hand and admittedly rather well spaced oc- 
cupied a 6x4 inch board. After reworking with 
a netlist and ratsnest this was reduced to a 
4x2 inch board, an area reduction of x3 and 
therefore a board cost of a third of the orig- 
inal. 

Back annotation files can be created for al- 
tering the schematics after the PCB is renum- 
bered. BoardMaker-2 is for the professional 
design office, where manual routeing is not 
a problem, but auto checking of the design 
is desired, and where it forms a parallel 
workhorse to an expensive design system. An 
improvement of 15—20ce in efficiency over 
BoardMaker-| is achieved owing to the check- 
ing facilties, but the symbols that are used 
for BoardMaker-2 are much more compli- 
cated than those for simple packages with- 
out netlisting, since they must contain de- 
tails of their pin con nections. 


BoardRouter 


Top of the range and adding £200 to the cost 
of BoardMaker-2 is BoardRouter, which is 
the integrated package of BoardMaker-2 
plus a channel-routeing autorouter. Being a 
channel router, it works well with both with 
pinned devices on a 0.1 inch or 0.05 inch 
matrix or surface mount and D-type con- 
nectors with a metric matrix. The speed of 
routeing is dependent on the operating speed 
of the PC itself, but still works on anything 
from an XT to a 386. 

The additions of the autorouter adds a 
single menu option in the netlisting facili- 
ties, but this takes the user into the autorouteing 
option. Autorouteing is aimed at profes- 
sional PCB designers although that is not to 
say that many other uisers of BoardMaker—2 
will not want to upgrade to the autorouteing 
package. Once you have got the PCB layout 
with ratsnest, told the the net information of 
any special rules or track widths (say for 
power tracks), you can leave the software to 
sort out the routeing . That operation may take 
some time, many hours in some cases, but less 
than the designer would need to do the job 
himself. Once a track is laid, it can not be 
ripped up by the software and re-laid, so 
there will always be some tracks to be com- 
pleted by hand and some tyding up to do. 
This is of little significance compared to the 
time that a board would take to be tracked 
by the designer alon e and, of course, it is 
possible to do other work while autoroute- 
ing is in progress. During the autoroutering, 
the software can automaticvallly save the 
results it has obtained after a tikme interval 
set by the user so that shoud the power failr 
all the work is not lost. However, autoroute- 
ing is rteally applicable only to double-sided 
boards or multi-layer boards so that one layer 
can have vertical tracks while the other car- 
ries horizontal tracks. Thus it is not suitable 
for simple boards, RF circuits or for layouts 
where the board can be single-sided with a 
few zero ohms links on the components side 
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to jump tracks, For designers of logic and 
complicated analogue bnoards, where al least 
two layers are needed, autorouters can save 
an awful lot of work by the designer. 


Problems 


There are only a few minor criticisms that I 
have about the software as it stands at the 
present. The package allows a n umber of 
back-up copies of PCB drawings to be held 
on disc memory in case of a problem that 
results in the loss of the last working copy. 
In this case, there is no way that I have found 
whilst in BoardMaker to get at one of these 
back-ups. The only way appears to be to 
leave BoardMaker and use DOS to rename 
a file or use something like Xtree. 

A similar problems exists with file orga- 
nization or deletion orto make copies on floppy 
fopr archiving without a lot of work in the 
configuration menu. 

The lack of schematic capture for 
BoardMaker-2 is being address and this will 
ease the problem of having to look outside 
Tsien for the necessary software. I shall look 
forward to revieiwing the schematic pack- 
age when it becomes available. 


Finally 


With its BoardMaker and BoardRouter range, 
Tsien provides a comprehensive selection 
of PCB design packages for use by all per- 
sons interested in PCB design, from the am- 
ateur to the dedicated professional user. A pol- 
icy of penalty-free upgrade means that it is 
possible to buy BoardMaker-1 as a trial and 
upgrade at a later time without incurring any 
extra expense over having bought the more 
sophisticated package in the beginning. 

At their price, the capabilitiers of any of 
the packages leaves little extra to be desired. 
Do not be deceived by the low cost of the soft- 
ware packages. Experience has shown that 
many electronic designers are abandonming 
their in-house design offices to use BoardMaker 
or BoardRouter running on a PC in their 
own department. Tsien with their casy-to- 
use PCB-CAD packages have put PCB de- 
sign back where it belongs: in ther hands of 
electronics engineers. 


I should like to end by saying that, although 
impressed by the BoardMaker range of soft- 
ware, | have no commercial connection with 
Tsien. My thansk to Tsien who provided the 
copy of BoardRouter and the demonstration 
software for this review. 


For further details contact 

Tsien (UK) Ltd 

Cambridge Research Laboratories 

181A Cambridge Road 

Cambridge CB3 ODJ 

Telephone (0223) 277 777 

Fax (0223) 277 747 

who will be pleased to supply the demon- 
station software. One of the full packages may 
be ordered directly using any of the major 
credit cards. Boardmaker- 1 =£95; BoardMaker—2 
= £295; BoardRouter = £495. (910069) 


LOGIC ANALYSER - PART 5 


LTHOUGH the software described in this 
final part of the article was developed for 
the AtariST and TT series, ithas beenadapted 
for use on all personal computers using an 
MS-DOS. The respective floppy disks are 
available through our Readers’ services. The 
software for the Atari consists of the compiled 
program only, whereas that for other MS-DOS 
computers embraces the program proper 
and the source code in Turbo C. 
Note that the description in this article is 
based on the Atari program. However, both 
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automatically to any other logic channels 
that may be associated with the particular 
physical channel. 


Triggering 


The trigger word is linked to physical chan- 
nels. If a physical channel is associated with 
more than one logic channel, the software 
ensures that alterations in the triggering are 
copied to all the associated logic channels. 
The trigger word is shown at the left of 


the timing diagram on the screen. By click- 
ing with the mouse on an appropriate bit, 
the trigger bit may be set to 1, 0, or X (don't 
care). Inthe 100 MHz mode, the second trig- 
ger word is set in a similar manner. 

Other aspects of the triggering are shown 
in the window at the bottom left-hand side 
of the screen. The number in the small rect- 
angle indicates which trigger words have been 
chosen; note that during measurements up 
to four trigger words may be used. Clicking 
with the mouse suffices to select another 
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programs are so accessible as to make de- 
tailed user instructions superfluous. All mat- 
ters that are concerned directly with the mea- 
surements are shown on the screen. All sup- 
ported functions, such as reading, storing of 
data, and printing, are accessible via pop-up 
menus (Atari) or certain keys on the key- 
board. 


Options 


Printer Mode 


Display 


Distinction is made between physical and 
logic channels. The former, of which there 
are up to 64, are inputs of the analyser stored 
on the RAM card(s), whereas the latter are 
outputs of the analyser, of which there are also 
up to 64, Since the space on the screen is lim- 
ited, only 16 logic channels are shown at any 
one time. 

When the program is started, the physi- 
cal and logic channels are linked directly, 
that is, input | of card 1 corresponds to logic 
channel 1, and so on. However, the software 
makes it possible to link the channels in any 
way the user wants. It is even possible to 
link one physical channel, for example, the 
one connected to the clock, to several logic 
channels, The clock will then appear at sev- 
eral locations in the timing diagram on the 
screen. The relation between that signal and 
associated signals is then very evident. 

So as not to lose track of the various sig- 
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word. Also shown are the times that indi- 
cate the required width of the trigger pulses. 
Click on the number to choose the correct time. 
The computer willselect the nearest value that 
may be set on the analyser. 

When the pulse width of trigger word 2 
is set, the program ensures that the trigger 
window is always wider than the trigger 
pulse to prevent a situation in which the 
analyser can not be triggered. That situation 
may, of course, arise also if the trigger con- 
dition is not contained in the measurand 
{quantity to be measured). In that case, the 
analyser should be stopped by pressing any 
key on the keyboard. The analyser is started 
again by clicking on SAMPLE. 


Screen functions 


Itisnot possible to place all recorded data leg- 
ibly and simultaneously on to the screen; 
therefore, only 16 channels are shown at any 
one time. The remainder of the channels may, 
of course, be scrolled into view, one or four 
channels al a time. The scroll function is 
shown at the bottom lefthand side of the 
screen. Number and direction are selected 
by clicking with the mouse. 

In the same window is shown which logic 
channels are shown in the timing diagram. 
These may be shifted by moving the dia- 
gram horizontally with the cursor shift (<<, 


<, >, >>, at the bottom right-hand side of the 
screen: the mouse is pointed, clicked (and 
held) at the blank box in the shaded bar, after 
which the box can be moved as required. 

There is also a search facility, for which 
the first trigger word serves as the search 
pattern, Click the mouse on the desired di- 
rection and the search is started. The cursor 
then stops at the sought sample, which is to 
the right of the cursor. In the status window 
isshown hexadecimally what data are shown 
at the cursor position. 

The distance window enables the dis- 
tance between two points to be measured. 
Point the mouse at the starting point and 
click on the left-hand button, hold this, and 
point at the stop position; when the button 
isreleased, the window will show the distance 
in nanoseconds, 

Clicking on the numbers following “reso- 
lution" makes the computer portray the sam- 
ple in 1, 2, 4, or 8, pixels. 


Menus 


A number of functions that are not related 
directly to the measurements and their dis- 
play are enabled via a number of menus. 
File/SAVE enables the recorded data to 
be stored in a file on disk. These data may 
be used at a later stage for comparison with 
newly recorded data. The data so stored may 
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be read again via File/LOAD. The program 
is terminated by clicking File / EXIT. 

Hard copy may be obtained in two ways: 
Printer/SCREEN allows the printing of only 
those data that are displayed on the screen, 
while Printer/ ALL allows the printing of all 
recorded data. 

The clock is set via Mode. If an external 
clock is used, the qualifier inputs may be set 
via CLOCK SET. 

With Options/TEXT selected, a text is 
shown together with the channels; the default 
text is the number of the logic channel. 

With Options / NUMBER selected, the num- 
ber of the physical channel is shown (card plus 
input). 

With Options /SAVE TEXT selected, the 
set links between the physical and logic chan- 
nels are stored, together with the associated 
textand trigger words. The data so stored may 
be selected again with Options / LOAD TEXT, 

With Options /COLOR selected, the back- 
ground colour of the image is selected. If 
that is black, the colour changes to white 
and vice versa. (900094-VD) 


Correction 

Itis regretted that in Part4, under "Overview", 
it was stated erroneously that a’10 kQ resis- 
tor must be soldered between pins 1] and 16 
of IC39’ on the RAM card; the value of the 
resistor should have read 330 Q. 
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Radio Data Systems: 


The concept 

Most of us are familiar with the teletext ser- 
vices offered by the BBC and the IBA in the 
UK and television stations in most other 
countries. These services enable us to keep 
up-to-date with news, finance, sport, weather 
and traffic conditions by means of informa- 
tion that is transmitted as part of the normal 
sound and picture. but which is not apparent 
during normal viewing. 

Radio Data System operates in a broadly 
similar way on transmissions in the VHF radio 
band by using that part of a transmitted sig- 
nal that lies outside the audio bandwidth. 

This concept has been used for many 
years as the one that enables stereo signals 
io be transmitted and received without the 
need of tuning to two transmitters at the 
same time. 


Driving with RDS 
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a few facts and figures 


RDS is more than stereo transmission meth- 
ods and more than the Teletext idea. It forms 
the basis of an information and entertain- 
ment centre for drivers when comfort and 
safety ensure that the all-important aspect 
of concentration on the road is maintained. 

For instance, your radio will make sure 
that you do not need to keep re-tuning, be- 
cause it keeps track of the most powerful trans- 
mitterand automatically and inaudibly changes 
frequency for you. It switches between two 
sound levels, one for speech and one for 
music, and it will automatically read aloud 
traffic announcements in your language, 
wherever you may be in Europe. In fact, a 
radio equipped with RDS will make these 
announcements even if the cassette player is 
operating, or when the radio is on stand-by. 
So, you will never be cut off from important 
road traffic information. 

To further enhance driver confidence, a 
built-in paging service informs you to call 


home, office or one of several other desig- 
nated numbers. 

Thus, RDS provides the ultimate in in- 
car entertainment with a complete informa- 
tion service built in. Technically, RDS is a 
system for the simultaneous transmission of 
digital data and the normal stereo broadcast, 
The digital data itself consists of two parts: 
the static data, such as the identity of the 
station concerned; and the dynamic, or vari- 
able, data that changes constantly. 

The transmitter combines the digital data 
with the broadcast without decreasing the sig- 
nal quality. The receiver decodes the signal 
and routes the data to the display and the 
programme to the loudspeakers. 


Some technical details 
The system is limited to the VHF bands 


owing to the wide bandwidth assigned to each 
station. The sub-carrier frequency chosen 


100 SCIENCE & TECHNOLOGY 


M Signal {L+R} 


for the system is 57 kHz, which is three 
times the pilot tone used for the stereo fre- 
quency response threshold. To prevent in- 
terference, the RDS sub-carrier is phase- 
locked to the stereo pilot tone. The diagram 
shows a graphic representation of a stereo 
multiplex baseband with RDS. The signal is 
amplitude modulated by coded information 
representing the Qs and Is of the data stream. 
The transmission rate of this stream is 730 
bps, which enables a fast update of informa- 
tion that is itself transmitted in groups of 
four 26-bit blocks. 

Services provided by the RDS include 
Programme Identification (PI), which includes 
a location and a programme reference num- 
ber; Programme Service Name (PN), which 
displays the station identity on the radio dis- 
play; Alternative Frequencies (AF), which 
provides information on other frequencies 
transmitting the same programme; Traffic 
Programme Identification (Y TP) and Traffic 
Announcements (TA), which combine to in- 
dicate whether the station carries traffic news 
and the content of that news. 

Other services provide Clock Time (CT) 
and Paging (PG), while a sophisticated test 
feature, used by broadcasters, is also avail- 
able as an In-house application (IH). 


RDS equipment 


Just as a stereo broadcast is impossible with- 
out the proper equipment, RDS can not work 
without appropriate hardware. Suitable equip- 
ment is manufactured by RE Instruments, 
whose products have been approved by the 
German broadcasting authorities. The three 
mains products required are and RDS Generator, 
and RDS Encoder, and an RDS Decoder. 


Encoding the data for RDS 


An RDS encoder is perhaps the most impor- 
tant item needed to transnmit a digital data 
stream. Accepting the 19 kHz pilot stereo tone 
to create the 57 kHz sub-carrier, the Type 
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RE531 Coder is programmed with the static 
and dynamic data. The most appropriate 
means of programming the Coder is a com- 
puter or a network interface. Once the Coder 
has been programmed with the static data, that 
information will be retained permanently. The 
dynamic data is updated as required. 


Monitoring and re-broadcast 


To ensure that the transmitted data is error- 
free, a suitable decoder, such as the RE331, 
is required. The task of this unit is to moni- 
tor the transmission and confirm the RDS sig- 
nals involved. The unit may perform two func- 
tions: (a) checking the data and raising alarms 
if the data fails to conform to programmed 
parameters, and (b) routeing the dynamic sig- 
nals transmitted by one station to another 
that is broadcasting the same programme. 


Testing RDS receivers 


The Type RES30 RDS Generator is an in- 
strument designed to allow comprehensive 
testing of RDS receivers. An RDS genera- 
tor has to emulate an RDS transmitter on the 
test bench to enable a full analysis of the 
RDS receiver to be carried out. The Type 
RE201 Dual Channel Audio Test System 
may be combined with the RE530 to pro- 
vide a full and comprehensive automatic 
system to test all RDS radios. 


Approvals and Standards 


Radio Data Systems have been established 
in Europe for some time. During 1982, five 
different systems were tested by the European 
Broadcasting Union (EBU), who decided that 
the Swedish PI system was the best and 
would form the basis for future develop- 
ment. Field trials held in Germany led the 
EBU to issue and agreed standard: EBU 
Doc. Tech. 3244, March, 1984. All RDS 
equipment in western Europe must be man- 
ufactured in accordance with that standard. 
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Development of RDS equipment contin- 
ues, however, and since 1984 new features 
have been added and, no doubt, others will 
be added in the future. 

While itis important that equipment be de- 
signed to conform to EBU standards, it Is 
equally vital that approval by the national 
broadcasting authorities be granted, The RE 
Instruments range of RDS products have 
full approval from the German ARD and 
FTZ authorities. 


RE Instruments Ltd 
Finchhampstead 
Berkshire 

England. 
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READERS SERVICES 


All orders, except for subscriptions and past 
issues, must be sent BY POST to our Landon 
office using the appropriate form opposite 
Please note that we can not deal with PER- 
SONAL CALLERS, as no stock ts carried at 
the editorial offices, 

All prices shown are net and customers in the 
UK should add VAT where shown, ALL cus- 
fomers must add postage and packing 
charges for orders up to £15.00 as follows: 
UK, £1.00; Europe, £1.50; other countries. 
£2.00 (surface mail} or £3.00 {airmail}, For 
orders over £15.00, but not exceeding 
£50.00, these p&p charges should be 
doubled, For orders over £50.00 in value, 
p&p charges will be advised 


LETTERS 


Letters of a general nature, or expressing an 
opinion. or concerning a matter of common 
interest in the field of electronics, should be 
addressed to The Editor. Their publication in 
Elektor Electronics is at the discretion of the 
Esitor, 


PAST ISSUES 


A limited number of past rssues (from 
July;August 1987 onwards) is available from 
Worldwide Subscription Service Ltd - Unit 
4. Gibbs Reed Farm ~- Pashley Road + 
TICEHURST TNS 7HE « England, to whom 
orders should be sent. Prices including post- 
age for single copies are £1.90 (UK and Eu- 
rope) £2.25 (outside Europe —surface mail) 
or £3.75 (outside Europe —airmail} 


PAST ARTICLES 


Photocopies of articles fram January 1978 
cnwards can be provided, postage paid, at 
£1.50 (UK and Europe). £2.00 (outside Eu- 
rope; surface mail), or £2.50 (outside Europe; 
airmail], In case an article is split into instal- 
ments, these prices are applicable per in- 
stalment. Photocopies may be ordered from 
our editorial offices in London 


TECHNICAL QUERIES 


Although we are always prepared to assist 
taaders in solving diffculties they may ex- 
perience with projects that have appeared in 
Elektor Electronics during the PAST THREE 
YEARS ONLY, we regret that these can not 
nany circumstances be dealt with by tele- 
phone or facsimile. 


COMPONENTS 


Components for projects appearing in Elektar 
Electronics are usually available from appro- 
dnate advertisers in this magazine. If difficul- 
tes in the supply of components are 


envisaged, a source will normally be advised 
inthe article 


BOOKS 
ing books | 
ow 
n electronics retailers or 
or direct from our Lon- 
301 Circuits . £6.25 
302 Circuits £6.25 
803 Circuits: 5. ee ges aw £7.95 
Microprocessor Data book £8.95 
Oala Sheet Book 2 £8.25 
Data Book 3 . £44 £6.95 
Data Book 4 ; .. £8.95 


FRONT PANELS 


PROJECT No. Price VAT 
(ft) (£) 
Video mixer 87304-F 16.50 2,89 
0 meter 900031-F 11.50 2,01 
Sudgel sweepitunction 900040-F 10,00 1.75 
generator 
High-current hee 900078-F 14.00 2.45 
tester 
490-W laboratory PSU 900082-F 17.60 3.06 
Milbohmmeter 910004-F 14.00 2.45 
“he complete preamp B90169-F 7.50 1,31 
Wattmeter 910011-F 825 1.44 
Universal battery 900194-F 5.50 0.96 


charger 

Logic analyser 
Digital phase meter 
Vanable AC PSU 


990094-F to be advised 
910045-F 16.00 1.75 
900104-F 14.00 2.45 


Send this order form to: 


| 

| ELEKTOR ELECTRONICS 
(PUBLISHING) 

| DOWN HOUSE 

| BROOMHILL ROAD 
LONDON SWI18 4JQ 


| ENGLAND 


ORDER FO 


Post Code 
Telephone Date 


READERS SERVICES 


RM nn | 


VAT No. 454 135 463 | 


| Please supply the following. For PCBs, front panels, EPROMs, PALs, microcontrollers and | 

| diskettes, state the part number and description: for books, state the full title; for photocopies l 
of articles, state full name of article and month and year of publication. Please use block 

| capitals. 


Method of payment (tick as appropriate): 


NOTE: Cheques not mage out in sterling must be increased by the equivalent of £5.00 


4 Bank draft 


1 Cheque (payable to Elektor Electronics) 


Giro transfer {our a/c no, 34 152 3801) 


 Postal/money order 


LU Access/VISA/Master/Eurocard 


PROJECT ===. Price VAT 
© & 


EPROMS / PALS ‘ MICROCONTROLLERS 


Multifunction measurement 


card for PCs 561 8.75 1.53 
(1 » PALI6LB) 

Darkroom clack 583 9.25 1.62 

(1 x 27128) 

EPROM emulator 701 15.00 2.43 
(1 « 8748H) 

Video mixer 5861 16.00 1,75 
(1 x 2764) 

Four-sensor sunshine 5921 10.00 1.75 
recorder (1 x 2712B} 

uP-controlled telephone 5941 19.00 2.28 
exchange (1 * 27128) 

RDS decoder {1 = 2764} 5951 13.00 2.28 
MIDI programme changer 5961 13.00 2.28 
(1 » 2764) 

Logic analyser (IBMinter- 5971 7.00 1.23 
face)i(1 ~« PAL 16L8) 

MIDI-to-CV interface 6981 13.00 2.28 
Multifunction {0 for PCs 5991 7.00 1.23 

{1 « PAL 16L8) 

Stepper motor board - 1 6011 7.00 1.23 
(1  16L8} 

8751 programmer 7061 3525 6.19 
(1 x 8751) 

Logic Analyser for Atari 111. 10.00 1.75 
ST ib'w only} 

Computer-contralled 119 10.00 1.75 
Teletext decoder 

Plotter driver 117 5.75 1.00 

Fax interface for IBM PCs 119 7.00 1.23 

RAM extension for BBC-B 123. 5.00 0.88 

EPROM simulator 129 5.75 1.00 

RS-232 splitter 1411 5.75 1.00 

Centronics ADC/DAC 1421 5.75 1.00 

Transistor characteristic 1431 650 1.14 
plotting (Atari ST biw) 

ROM-copy for BASIC 1441 6.50 1,14 
computer 

Multifunction measurement 1461 650 1.16 
card for PCs 

8751 programmer 1471 6,50 14.14 

PT100 thermometer 1481 6.50 1.14 

Logic analyser: IBM soft- 1491 16.50 2.89 

ware on disk, incl. GAL 

Logic analyser: Atari soft- 1501 16.50 2.89 

ware on disk, incl. GAL 

PC-contralled weather 1551 6.50 1.14 
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Expiry date: 


No, Price VAT 


PROJECT 

(£) (8) 
station - 1 
\:O interface for Atari 1571 6.50 1.14 
Tek‘ Intel file converter 1581 6.50 1.14 
B'W video digitizer 1691 9,50 1.66 
RTC for Atari ST 1621 6.50 1.14 


PRINTED CIRCUIT BOARDS 


FEBRUARY 1991 
Logic analyser 2) 


- RAM board g00094-2 15.75 2.76 
- Probe board 900094-3 4.25 0.74 
Multitunction measure- 900124-1 24.00 4.20 


ment card for PCs 
MIDI-to-CV interface 
RDS decoder: 
demodulator board ggoz209 450 0.79 
- processor board 900060 6.50 1,14 
Simple function generator 906060 Not available 


Doepter Elektronik 


MARCH 1991 
The complete preamplifier 
input board 890169-1 22.20 3.89 
- main board 890169-2 33.50 5,86 
Electronic exposure 900041 9.25 1.62 
timer 
PC-contralled weather 900124-3 3.75 0.66 
station (1) 
2-m band converter 900006-1 4.25 0.74 
Central heating 910022 Not available 
controller 
APRIL 1991 
Logic analyser (3) 
- contral board 900094-5 15.75 2.76 
MIDI pragramme 900138 5.75 1.00 
changer 
Surf generator 906118 Not available 
8-bit VO for Atari 910005 106.66 1.84 
6-m band transverter 910010 9.75 1,71 
Wattmeter 
meter board 91001T-1 5.50 0.96 

- display board 910011-2 3.50 0.61 
Moving-coil (MC) 910016 9.00 1.58 
preamplifier 
AM-FM receiver 910021 Not available 


Dimmer tor halogen lights 


transmitter 910032-1 3.50 0.61 
- receiver 910032-2 3.75 0.66 
PC-contralled semi- ELY project 
conductor tester 
MAY 1991 
8032/8052 Computer 910042 10.25 1,79 


A list of all PCBs, 


published in the March, 


: i & 
Battery tester 3906056 3.50 0.61 
Laser (1) ELV project 
Moving-magnet (MM} 900111 5.75 1.01 
preamplifier 
Universal FO interface 910046 9.25 1,62 
for IBM PCs 
Wideband active rod 910023 Not availabla 
antenna 
JUNE 1991 
Universal battery charger 900134 8.00 1.40 
Logic analyser - 4 
- power supply board 900094-7 7.50 1.31 
- Atari interface 906094-6 10.75 1.48 
- IBM interface 900094-1 12.25 2,14 
Digital phase meter 910045-1/2'3 22.25 9.a9 
{set of 3 PCBs} 

Video ADC/DAC 910009 Not avaiable 
Light transceiver UPBS-1 1.95 0.34 
Variable AC PSU 900104 5.25 0.92 
Light switch w. TV IA ric 910048 4.75 0.83 
ATG for Atari ST 910006 5.25 0.92 
Stepper motor board -1 910064-1 24.75 4.33 


- PC insertion card 


JULY/AUGUST 1991 


Modern LED clack 896139 Not available 


Multifunctian l'O for PCs 910029 20.75 3,63 
BW video digitizer 910053 19.25 3.37 
8088 SBC PCB available from author 
Stepper motor board - 2910054-2 24,25 4.29 
- power driver board 

Laser -3 ELV project 


Electronic reversing cct 904098 Not available 


for model trains 

LED voltmeter 

Wien bridge 
Windscreen wipefwash 
Remote temperature 
model for DMMs 

Car battery monitor 
Angled bus extension 
card for PCs 

1Mbit adaptor tor EPROM 914035 Not available 
programmer 

Field strength meter 914041 Not available 
S-meter tor SW receivers 914050 Not available 
Sync separator 914077 3.75 0.46 
Video enhancement for 914051 Not available 
Archimedes 


914005 4.75 083 
914007 3.50 0.61 
914009 Not available 
914011 Not available 


914014 Not available 
914030 10.25 1.79 


BRITAIN’S 
BEST VALUE 
FLOODLIGHT, 
SECURITY 


SYSTEN 


HELPS YOU 
PROTECT YOUR 


HIGH DEMAND YOUR TOP TEN FEATURES HOME AND 
Because of high demand for our security * Automatic infra-red sensor, lights up 

products and our increased buying power, “500 watt tube, when people approach YOUR FAMILY! 
Maplin Electronics can now offer this exclusive your property 

lamp at Britain's lowest price, guaranteed! * Adjustable'on time’ * Easy installation 


* Full 15m detection range 


GUARANTEE 


We guarantee you can't find better value, or all 
your money back, Absolutely no risk to you 


* Fireproof ultraviolet material 
* Water resistant and weatherproof 
* Approved to international standards 


QUALITY CONFIDENCE * Automatic on/off and manual override 
Every detector purchased comes with a FULL * Heavy duty zinc alloy body SE Essex Heavy ” 500 Watt Weather: Automate Adustable Complete with Cost af 500 Cost 
MONEY-BACK, NO QUIBBLE GUARANTEE. * 110 degree detection angle Branch Duty Power = proof, = intra-rad «= Tener §= Halogen Tube Halogen Tube Socusity 


The Detector Security Floodlight has the latest infra-red technology that detects movement over 
your chosen area and illuminates it with a 500 Watt Halogen lamp for up to approx 12 minutes 
which gives you time to park your car, unload the shopping, find your keys, greet your guests or 
avoid obstructions 


With 500 watts of halogen lighting beaming down on them, any potential burglar becomes clearly Not supplied £46.99 | 
visible — so visible it could well be daylight! PAYLESS £7.59 £74.99 


B&Q £3.95  £79,99 | 
MAPLIN £3.75 £29,95 


Feel safer, more confident with the Maplin security floodlight. Economical—the system 
automatically switches off in the daytime to save power 


For your enjoyment the Detector can be permanently switched on, for EVENING 
BARBEQUES etc, by turning the main light switch on, off and on again within 2 seconds 


The range of the Detector is such that it is ideal for both residential and commercial use 


NING? 


/ SV tiers l¥ : = 
Will, A te f °) i t hS ELECTRONICS Order Coupon Send this coupon to P.O. Box 3, Rayleigh, Essex SS6 8LR 
CREDIT CARD HOTLINE Quantity _Description Code | Price | Total | 
Infra-red detector YMSO1 | £29.95 
came PHONE BEFORE ; t 
EN VISA 5pm FOR SAME | 500 watt halogen tube i oi ake 
pa DAY DESPATCH Tiag) 
Name. Add further 
24 HOUR SERVICE - PHONE NOW! £1.25i{more 


o7o2 5541 61 ae _ ; ; ; gs 


All items are subject to availability, all prices include VAT Post Code 


EK7 Total 
Access 0 Amex 0 Visa 0 Delete as required 
Hordering by Credit Card please Sign ............c.......csseessecsseeeseessees | authorise you to debit my Credit Card account for the cost of goods despatched. 
Expiry date of Credit Card oo... 1s csecsrecstcctsecttecssccesessteeeees Credit Card No. | | | | | [ | | l | | | l | | | 


Although this unit may deter intruders, no warranty is given or implied that the unit will provide security or prevent illegal entry 


